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SECTIONONE Executive Summary

Interest has been expressed by several coastal states in acquiring decommissioned U.S. Navy
vessels for use in building artificial reefs. The benefits of building offshore reefs with former
Naval vessels (REEFEX) include enhancing ecological resources by increasing the amount of
productive hard-bottom habitat, using artificial reefs as marine protected and conservation areas,
or using artificial reefs to provide alternative reefs for enhanced recreational fishing and diving
opportunities to help protect and conserve natural hard-bottom reef communities. The use of
decommissioned ships for these reefs also would help the U.S. Navy reduce the overhead costs
of placing these vessels in storage.

Decommissioning Navy vessels includes the removal of bulk polychlorinated biphenyl (PCB)
liquids and equipment (such as electrical transformers, capacitors, and other gear). After
decommissioning, the vessels may contain PCB-containing components such as felt gaskets,
rubber mounts, electrical cable insulation, heat resistant paints, mastic/sealants, small rubber
parts, and adhesive tape. The cost of removal of these components is prohibitively high due to
the extensive integration of these components into the structure of the vessels. To ensure that it
is safe to sink Navy vessels to create artificial reefs, the potential risk to the environment and
human health from sunken Navy vessels was investigated.

Under the auspices of the Technical Working Group (TWGQ), consisting of representatives from
the U.S. Environmental Protection Agency (EPA) and Navy, the Navy collected and analyzed
fish from a previously established artificial (target) reef and a nearby natural reference reef. The
target reef is the site of the sunken ex-VERMILLION, located approximately 35 km offshore of
Mpyrtle Beach, South Carolina. The reference reef is the Northern Area Natural Reef, located
approximately 4 km southwest of the ex-VERMILLION site. Fish collection, sampling,
analyses, data validation, and performance of the risk assessment were in accordance with the
draft Human Health Risk Assessment Work Plan for Potential Exposure to Polychlorinated
Biphenyls (PCBs) from Sunken Vessels Used as Artificial Reefs (Food-chain Scenario) NEHC
2000b and 2000e) (work plan).

A draft human health risk assessment (HHRA) (NEHC 2002) was prepared and submitted to
EPA in July 2002. The draft HHRA presented the results for the ingestion of three species of
edible fish caught at these reefs. Comments were received from EPA in October 2002 (EPA
2002 and Versar 2002). To respond to EPA comments, the Navy conducted a fish consumption
survey with the assistance from the South Carolina Department of Natural Resources (SCDNR).
The survey was used to determine the amount of fish consumed from the target reef and values
for the fraction ingested (FI) term, using statistical means (NEHC 2003a) to support the FI value
of 0.1 assumed in the draft HHRA. Subsequent comments from EPA (EPA 2003a and 2003Db,
and Versar 2003a and 2003b) and the Navy response to the EPA comments (NEHC 2003b and
2003e) and Appendix J (NEHC 2003¢ and 2003d) led to the approach used to finalize the draft
HHRA. This final HHRA addressed the above EPA comments, including the comments on the
FI term, in accordance with the Navy responses (NEHC 2003b and 2003¢) presented in
Appendices H and 1.

White Grunt (Haemulon plumieri), Black Sea Bass (Centropristis striata) and Vermilion
Snapper (Rhomboplites aurorubens) were the three species of fish collected from both locations.
All fish samples were collected and analyzed during two sampling rounds in 2000.

Twenty White Grunt, twenty Vermilion Snapper and eleven Black Sea Bass were collected from
the target reef. Twenty White Grunt, twenty Vermilion Snapper and twenty-two Black Sea Bass
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SECTIONONE Executive Summary

were collected from the reference reef. All of the fish collected are mid to upper trophic level,
demersal species, typically resident on or around a given reef site. The fish species collected are
considered to be valued, edible fish by sports fishermen. These fish species were chosen for
PCB analysis because they represent fish that recreational anglers are likely to catch and eat.
Because of their feeding habits and strong site fidelity, these reef-fish species should also show
high accumulation of PCBs from a food-web effect associated with a given reef location. Each
fish sample was analyzed for total PCB, total PCB concentration in each of the 10 homologue
groups (levels of chlorination, i.e., mono-chlorinated through deca-chlorinated), 13 dioxin-like
PCB congeners, and 18 additional, potentially environmentally relevant PCB congeners. For
each fish tissue sample analyzed, the homologue, total PCB and dioxin-like PCB congener
analytical results were used in the HHRA. The 18 additional, environmentally relevant PCB
congeners are to be used for the ecological risk assessment, which is not part of this HHRA
report. Specifically, the following PCB constituents were analyzed and used in the HHRA:

e Total PCB

e Total Monochlorobiphenyls

e Total Dichlorobiphenyls

e Total Trichlorobiphenyls

e Total Tetrachlorobiphenyls

e Total Pentachlorobiphenyls

e Total Hexachlorobiphenyls

e Total Heptachlorobiphenyls

e Total Octachlorobiphenyls

e Total Nonachlorobiphenyls

e Total Decachlorobiphenyl (PCB Congener No. 209)

e 33’44 -Tetrachlorobiphenyl (PCB Congener No. 77)

o 23,3’4,4°-Pentachlorobiphenyl (PCB Congener No. 105)

o 273,44 ,5-Pentachlorobiphenyl (PCB Congener No. 114)

o 273’44 5-Pentachlorobiphenyl (PCB Congener No. 118)

o 2’344 5-Pentachlorobiphenyl (PCB Congener No. 123)

e 3,3°,4,4° 5-Pentachlorobiphenyl (PCB Congener No. 126)

o 23344 5-Hexachlorobiphenyl (PCB Congener No. 156)
o 23,344 5 -Hexachlorobiphenyl (PCB Congener No. 157)
o 23’4455 -Hexachlorobiphenyl (PCB Congener No. 167)
e 33,4455 -Hexachlorobiphenyl (PCB Congener No. 169)
o 272’3344 5-Heptachlorobiphenyl (PCB Congener No. 170)
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SECTIONONE Executive Summary

o 272°3445,5 -Heptachlorobiphenyl (PCB Congener No. 180)
o 2334455 -Heptachlorobiphenyl (PCB Congener No. 189)

Additionally, each of the fish tissue samples was analyzed for moisture and percent lipid content.
The data validation report that presents the analytical results for the HHRA is presented in “Data
Validation Report for Polychlorinated Biphenyl Analyses for Fish Tissue Samples Collected for a
Human Health Risk Assessment for Potential Exposure to Polychlorinated Biphenyls from

Sunken Vessels Used as Artificial Reefs (Food-Chain Scenario)”. See Appendix D of this report.

Data validation showed that the PCB data from the fish analyses met the data quality objectives
and were of acceptable quality for the risk assessment. The 95% Upper Tolerance Limits (UTL)
for each PCB analyte from the reference reef were derived using K-statistics. The UTLs were
compared to the maximum detected concentration for the same analyte at the target reef. The
comparison showed that most of the maximum detected concentrations at the target reef were
above their respective UTLs. This was confirmed by the results of a Wilcoxon Rank test to
determine whether significant differences in PCB concentrations at the 95% confidence level
existed between fish caught at the two reefs. The results showed that there were significant
differences in some PCB constituent concentrations for all fish species. The differences were
most notable in the White Grunt.

Carcinogenic risks and non-carcinogenic hazards were estimated in the HHRA. The estimated
values were compared to a target risk range of 1x10° to 1x10™ for carcinogens, and a target
hazard index of 1.0, values considered by EPA to indicate acceptable risks and hazards. The
95% UCL (reasonable maximum exposure [RME]) and arithmetic mean (average or central
tendency exposure [CTE]) PCB concentrations for each fish species were used as exposure point
concentrations to deterministically assess the fish ingestion exposure pathway in the HHRA.
The RME risks and hazards are considered high-end risks and hazards since the 95% UCLs and
conservative exposure assumptions were used. The average risks and hazards represent central
tendency risks and hazards since the average (arithmetic mean) PCB concentrations and average
input values for the exposure parameters were used. According to the HHRA work plan, the
primary input for risk management decision making were the risk and hazard calculated
deterministically based on total PCB, i.e., the risk or hazard is the summation of risks or hazards
from the PCB homologue groups. The toxicity values used were the slope factors and reference
dose provided in the Integrated Risk Information System (IRIS) and the total toxicity factor
provided by the Office of Pollution Prevention and Toxics (OPPT). The total toxicity factor is a
slope factor that is designed to provide a risk estimate that is protective of both the cancer and
non-cancer effects of PCBs. In addition, the entire spectrum of potential risk and hazard was
also determined probabilistically using the technique of Monte Carlo simulations. The average
and probabilistic risks and hazards were used to support the assessment of uncertainty in the
HHRA. To further assess uncertainties, risks and hazards were estimated for 13 dioxin-like
PCBs based on the carcinogenic potencies of these congeners relative to 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD). Table 1-1 summarizes risks and hazards estimated by the
above approaches.

Based on a review of the FI derivation information presented in Appendix J, EPA recommended
that, for the deterministic health risk assessment, FI terms of 0.14 should be used for the CTE
and 0.11 for the RME assessment (Versar, October 7, 2003). In addition, EPA cautioned that the
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SECTIONONE Executive Summary

FI term might need to be modified on a site-by-site basis if additional artificial reefs were to be
evaluated. The Navy agrees with the EPA’s comment on the potential uncertainty associated
with the FI term. In this final HHRA, the impact on risks and hazards from the uncertainty
associated with the FI term is characterized by also presenting the fish ingestion risks and
hazards based on the FI term of 0.14 (CTE) and 0.11 (RME). The risks and hazards, based on
the FI term of 0.1 used in the draft HHRA, are also presented.

Comparison of the risks and hazards using the FI term of 0.1 (assumed in the draft HHRA for
both CTE and RME) and the FI term of 0.14 (CTE) and 0.11 (RME) is presented in Tables 5-4
through 5-9. Table 1-1 summarizes risks and hazards of the July 2002 HHRA (NEHC 2002)
and Table 1-2 summarizes the deterministic risks and hazards based on EPA recommended FI
values (Versar 2003b). Based on results presented in Tables 5-4 through 5-9, it can be concluded
that the impact is relatively small for using an FI Term of 0.1 for both the RME and CTE
evaluations (NEHC 2002) vs. the values of 0.14 for CTE and 0.11 for RME in this final HHRA.
The angler survey data (Hammond et. al. 2003) support the FI Term of 0.1 used in the draft
HHRA; minor difference between the various values would not have any impact on the
conclusions of the HHRA. That is, whichever FI values were used, the HHRA demonstrated no
unacceptable risk or hazard.

The deterministic RME risk evaluation showed that the cancer risks from the consumption of
White Grunt, Vermilion Snapper and Black Sea Bass from the target reef did not exceed 1 x 10™
based on total PCBs, summation of homologue groups or the 13 dioxin-like congeners using the
various toxicity factors as described previously. The deterministic RME risk evaluation also
showed that the non-carcinogenic hazard indices from the consumption of White Grunt,
Vermilion Snapper and Black Sea Bass from the target reef did not exceed 1.0.

The probabilistic risk evaluation confirmed the results of the deterministic evaluation. Cancer
risks at the 95" percentile of the risk distribution from the consumption of White Grunt,
Vermilion Snapper and Black Sea Bass from the target reef did not exceed 1 x 10™ based on total
PCBs using the IRIS slope factors and OPPT total toxicity factor. The probabilistic RME risk
evaluation also showed that the 95" percentile of the distribution of non-carcinogenic hazard
indices from the consumption of White Grunt, Vermilion Snapper and Black Sea Bass from the
target reef did not exceed 1.0.

The calculations of probabilistic risks and hazards were in accordance with the same risk and
hazard equations for the deterministic evaluation. The input range of exposure point
concentrations was estimated by fitting the reported concentrations using the average
concentration and standard deviation as fitting parameters. The parameters and their input values
(mean, 95" percentile, and distribution), specified in the work plan, were used in determining the
input variables for the probabilistic risk evaluation. Ten thousand (10,000 trials) were performed
using the Monte Carlo simulations to propagate risks and hazards.

In conclusion, while the chemical data showed that the PCBs in fish caught at the target reef
were, in general, statistically higher than the reference reef, particularly for the White Grunt,
there were no exceedances of EPA’s acceptable risk level of 1 x 10 or hazard level of 1.0 for
any of the three fish species at the target reef.
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SECTIONTWO Background

21 OVERVIEW

Inactive U.S. Navy vessels would make excellent artificial reefs in U.S. coastal waters if
preliminary data, suggesting that they do not pose a threat to human health or the environment
from polychlorinated biphenyl (PCB) contamination, can be confirmed. A study conducted by
the South Carolina Department of Natural Resources (SCDNR) provided such preliminary data.
In that preliminary study, PCB levels detected in aquatic species at or nearby artificial reefs off
the coast of South Carolina did not exceed the Food and Drug Administration's (FDA) action
level of 2 parts per million (ppm) (Martore et al. 1998).

States, such as South Carolina, have expressed interest in acquiring inactive Navy vessels for use
as artificial reefs. To confirm the SCDNR/SSC-SD study, the Navy prepared and presented a
draft health risk assessment (HHRA) work plan (NEHC 2000b and 2000¢) to the U.S.
Environmental Protection Agency (EPA). The work plan described how the Navy would
determine PCB associated risks for consumption of edible finfish species from a previously
established sunken vessel artificial (target) reef and a reference (natural) reef. This report
presents the results of deterministic and probabilistic risk assessments based on validated PCB
data in fish using the technical approach presented in the work plan.

2.2  SUNKEN VESSELS AND PCBS

Part 761, Title 40 in the Code of Federal Regulations (40 CFR 761) was promulgated by the U.S.
Environmental Protection Agency (EPA or agency) under the statutory authority of Section 6 of
the Toxic Substance Control Act (TSCA) (15 USC 2601). The regulations provide stringent
regulatory control on the manufacturing, processing, distribution, and use of PCBs at or above 50
parts per million (ppm). Because of their bioaccumulative property and toxic effects on humans
and environmental receptors, PCBs have been banned from manufacturing since 1978. The
processing, distribution, and use of PCBs also have been severely restricted by the EPA since
that time. To document the health concerns, EPA published the final draft Drinking Water
Quality Criteria Document for PCBs in 1986 that described the potential carcinogenic and
noncarcinogenic effects of PCBs in various mammalian species, including humans (EPA,
November 1986). The carcinogenic effects of PCBs in humans were reviewed, documented in a
peer review workshop report, and subsequently published in a document that presented findings
of the cancer dose-response assessment and its application on PCB mixtures in the environment
(EPA 1996).

EPA has stated that ex-Navy vessels used for artificial reefs would be regulated as a PCB bulk
product waste disposal under 40 CFR 761. Ex-Navy vessels contain PCB bulk products as
integral parts of the vessels. These products include PCB-containing non-liquid materials such as
felt gaskets, rubber mounts, electrical cable insulation, heat resistant paints, mastics/sealants, small
rubber parts, and adhesive tape. Some of these components contain hundreds to thousands parts per
million (ppm) of PCBs. For example, it was estimated that 12 to 80 pounds of PCBs could be
present in the deepwater sunken destroyer, ex-AGERHOLM (DD 826) (SSC-SD 1999a). EPA is
concerned that residual PCBs on board of the ex-Navy vessels, if sunken and used to build artificial
reefs, may pose a risk to human health and the environment.
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2.3  NAVY ORGANIZATIONS

The Naval Sea Systems Command (NAVSEA), charged with the responsibility of storage,
transfer for sale/donation, scrapping, or disposal of decommissioned vessels, provides resources
to scope and analyze environmental problems or issues, and recommends solutions to the Chief
of Naval Operations (CNO). CNO has the responsibility of advising and executing decisions
made jointly by the Assistant Secretary of the Navy for Installations and Environment, and the
U.S. Environmental Protection Agency (EPA).

NAVSEA has designated SSC-SD as the overall project manager to lead the effort to address the
health and environmental impacts of PCBs from sunken Navy vessels. Part of the effort was the
formation a Technical Working Group (TWG), consisting of representatives from the EPA,
CNO, NAVSEA, SSC-SD, and Navy Environmental Health Center (NEHC) to guide the Navy in
their ship sinking program to evaluate human health and environmental risks. To assess the
impact from sinking ex-Navy vessels to create artificial reefs, SSC-SD established the REEFEX
program that includes performance of 1) a leaching study of PCB-containing materials found on
ex-Navy Ships, 2) an ecological screening assessment, and 3) a human health risk assessment.

NEHC, the Navy Surgeon General's center for technical expertise on occupational health and
environmental health sciences, is responsible for defining data needs and assessing the human
health concern in support of the above SSC-SD projects. In addition, NEHC has examined
human health impacts from PCB-containing materials under the continuing use (occupational)
scenario. The NEHC study showed that the level of risk was acceptable for potential exposure to
shipboard PCB-containing materials in the performance of repair and decommissioning activities
by active duty crew and shipyard workers (Larcom et al. 1997). NEHC has also completing a
human health risk assessment using PCB data in aquatic species collected under the SINKEX
sampling program. This report represents NEHC’s effort to assess human health risks in
accordance with the draft risk assessment work plan (NEHC 2000b and 2000¢) to address the
EPA concern on the sinking of ex-Navy vessels in shallow water to build artificial reefs. Figure
1-1 presents the project organization chart for the latter effort.

24 TECHNICAL WORKING GROUP

Regarding concerns about the potential release of PCBs from ex-Navy vessels containing PCB
bulk products, the Navy has been providing periodic briefings to the TWG since early 1999. The
TWG has reviewed data from the following relevant studies:

a release/fate study of PCBs in the deep ocean environment (NCCOSC 1994);
e data collected from the SINKEX study of the ex-AGERHOLM (SSC-SD 1999b);

e a SCDNR study of sunken vessels used to construct artificial reefs along the coast of South
Carolina (Martore et al. 1998);

e aproposal to study the leach rate of PCB-containing shipboard materials (George 1998);

e representative data of PCB-containing material present on Navy Ships (John J. McMullen
Associates [JIMA] 1999);
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e aproposal to conduct "A Screening-level Risk Evaluation of the Ecological and Human
Health Risk of Using Former Naval Vessels to Construct Artificial Reefs on the Continental
Shelf of the United States" (SCREENEX) (SSC-SD 1999c¢);

e Draft Appendix A - Sampling, Analysis, and Quality Assurance Project Plan (SAQAP;P)
(NEHC 2000a) for collection of fish samples in support of an HHRA for potential exposure
to PCBs from sunken-vessel artificial reefs;

e Draft HHRA work plan (NEHC 2000b and 2000e¢) for potential exposure to PCBs from
sunken vessels used as artificial reefs;

e A preliminary draft Prospective Risk Assessment Model (PRAM) version 1.1 (NEHC 2000c)
and version 1.2 (NEHC 2000d) ;

e A draft HHRA (NEHC 2002) that characterized carcinogenic risks and hazards
deterministically and probabilistically in accordance with the draft HHRA work plan;
deterministic risks and hazards were calculated based on an assumed FI value of 0.1; and

e Derivation of the FI term for use in the HHRA based on marine angler survey data from the
ex-VERMILLION Reef (NEHC 2003a) and its revision (NEHC 2003c and NEHC 2003d).

2.5 RISK-BASED DISPOSAL APPROVAL

The amount of PCB-containing bulk product materials that can be left on a vessel (cleanup level)
in the reef-building program has not been determined. It is understood that the EPA will be
responsible for evaluating available information and making recommendations on this issue. It is
likely that the cleanup level will be dependent on the potential risk to human health and the
environment, technical feasibility, cost of cleanup, and cleanup thresholds that would be
acceptable to regulatory agencies and the concerned public.

EPA representatives in the TWG indicated that the sinking might release PCBs into the aquatic
environment over a period of time. As such, the impacts of such releases on human health and
the environment should be addressed and documented through the use of a risk assessment
(Comment made by John Smith, EPA during the March 17, 1999 TWG meeting). This is
evidenced by the EPA's amendment to the PCB Rule dated June 29, 1998 (63 FR 35383) that
allowed the risk-based disposal approval option to the management of PCB bulk-product wastes
under 40 CFR 761.62(c). Further, it is understood that EPA had used risk assessment to evaluate
an application for regulatory approval for the sinking of the ex-SPIEGEL GROVE to create an
artificial reef in the Florida Keys. Therefore, the Navy concluded that risk assessment is a
reasonable tool to provide information for assessing the potential impacts from creating artificial
reefs with ex-Navy vessels. This information will be essential for EPA in making a decision on
the use of sunken vessels to build artificial reefs under 40 CFR 761.62(c).

On January 12, 2000, the Fibers and Organic Branch in the Office of Pollution Prevention and
Toxics (OPPT) issued an interim draft guidance (EPA 2000), entitled, “PCB Risk Assessment
Review Guidance Document” (EPA 2000) to ensure completeness of reviews of risk assessments

"PRAM is being developed to estimate PCB levels in aquatic species living on or near artificial reefs, and to calculate potential
human health risks based on known leach rates and the estimated amount of PCBs remaining on board vessels when they are
sunk.
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submitted by the regulated communities pursuant to 40 CFR 761.62(c). The Navy has consulted
with the above guidance document in preparing this HHRA report.

2.6

CONTENTS OF THIS RISK ASSESSMENT REPORT

The report presents the following information:

Section 1.0 is the executive summary that presents an overview of the project, risk
assessment results, and recommendations. This section also presents Tables 1-1 and 1-2 that
summarize risks and hazards calculated from the probabilistic and deterministic risk
assessment approaches, and Table 1-3 that highlights revisions made in the draft HHRA in
order to finalize the HHRA;

Section 2.0 provides background information and explains the need for risk-based evaluation
to assess impacts from the use of ex-Navy vessels to create artificial reefs;

Section 3.0 presents the project objective for SCREENEX under the Navy’s REEFEX
program, the risk management questions, and specific objectives for the HHRA;

Section 4.0 presents the data acquisition process, including the sampling strategy, a summary
of the fish collection efforts conducted in 2000, and the data validation approach and results;

Section 5.0 presents the HHRA findings, identifying PCBs as the chemical of potential
concern (COPC) and the fish ingestion as the complete exposure pathway, and providing
input values for the exposure assessment (including the derivation of exposure point
concentrations), toxicity values for risk characterization, and the risk characterization
methodology, findings and uncertainties (including the FI term and limitations for drawing
conclusions for risks and hazards for other or future artificial reefs), and recommendations.
This section also presents deterministic risks and hazards based on EPA recommended FI
term values of 0.11 (RME) and 0.14 (CTE), and the assumed FI term value of 0.1 used in the
draft HHRA;

Section 6.0 provides references for citations presented in this report.

Figures, tables, and appendices follow the text covering all sections. Comments on this risk
assessment should be directed to:

Ms Yvonne Walker
Deputy Director, Environmental Programs Directorate
Navy Environmental Health Center
620 John Paul Jones Circle, Suite 1100
Portsmouth, VA 23708-2103
Phone: (757) 953-0941
Fax: (757) 953-0675

Email: walkery@nehc.med.navy.mil
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3.1  PROJECT OBJECTIVES

Under the REEFEX program, the Navy initiated a project known as SCREENEX to evaluate
ecological and human health risks associated with the use of former Naval vessels to construct
artificial reefs on the continental shelf of the United States (SSC-SD, December 1999c). The
EPA has reviewed and provided written comments on the project proposal and the Navy has
responded to the EPA comments.

Pursuant to the SCREENEX project, NEHC prepared the draft HHRA work plan entitled, “4
Human Health Risk Assessment Work Plan for Potential Exposure to Polychlorinated Biphenyls
from Sunken Vessels Used as Artificial Reefs” (NEHC 2000b and 2000e). The work plan proposes
the methodology to conduct a detailed evaluation of human health risks under the baseline
scenario. Through the TWG, EPA has reviewed and commented on the HHRA work plan (EPA
2001a and 2001b, and Versar 2001 and 2002). This HHRA report follows the approach presented
in the work plan and the Navy responses to the EPA comments (Appendix A).

The project objective of SCREENEX is to develop a consensus within a joint Navy/EPA TWG
regarding the decision criteria that must be satisfied to evaluate risk to human health and the
environment associated with PCBs and the sinking of ex-Navy hulks. Specifically, the findings
of SCREENEX will help define the future course of action, e.g., further data collection needs, if
required. The risk assessment will put into action a process that will enable risk management
decisions to be made by the EPA and Navy regarding beneficial use of decommissioned Navy
vessels for reef building projects. The risk management questions that need to be addressed are:

o s it likely that the sinking of former Navy vessels containing PCB-containing materials will
pose an unacceptable risk to human health or the environment?

o How much PCB residue can remain on former Navy vessels used for building artificial reefs
without resulting in an unacceptable risk?

It is anticipated that EPA and the Navy will address the above risk management questions by
considering the results and the associated uncertainties from the human health and ecological
risk assessments, and other input into risk management decision making (such as cost, technical
feasibility or practicability, societal benefits, public or community acceptance, regulatory
compliance, etc.) The relationship between risk assessment and risk management is depicted in
Figure 3-1 according to EPA (1989b).

3.2 OBJECTIVES OF THIS RISK ASSESSMENT REPORT

The primary objective of this risk assessment report is to provide human health risk input and the
associated uncertainty to the Navy and EPA for making risk management decisions. As such,
the risk input encompasses various risk descriptors for the exposure pathway of concern. These
descriptors include deterministic carcinogenic risk and non-carcinogenic hazards under the
reasonable maximum exposure [RME] and average exposure scenarios and probabilistic
carcinogenic risk and non-carcinogenic hazards at the 95" percentile (RME) of the risk
distribution and at the 50™ percentile (average) of the risk distribution. The carcinogenic risk
and non-carcinogenic hazards were evaluated both separately and combined per EPA (2000).
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It has been the Navy's experience that the risk assessment process is a reiterative process that
provides risk information sufficient for risk management decision-making. The risk information
consists of risk estimates and the associated uncertainties that are affected by the data,
assumptions, and methodology employed. Early dialogue with the EPA on the risk assessment
approach and interpretations of the risk assessment results and uncertainties via the work plan
development process had provided the opportunity to address concerns expressed by the EPA
representatives at the TWG. In support of the human health component of SCREENEX, the
objectives of this report are:

e To communicate to the agency and other stakeholders regarding the technical approach,
algorithms, data input, risks and uncertainties for the exposure pathway of concern (fish
ingestion by recreational anglers);

e To identify the strength and limitations of the HHRA; and

e To recommend options for risk management based on the risk assessment results and
uncertainties.

Efforts were undertaken to make the risk assessment results more transparent and understandable
to ensure that the Navy and EPA will make reasonable, yet realistic risk management decisions.
They were accomplished by the presentation of various risk descriptors and assessment of
uncertainties. The Navy acknowledges that this baseline HHRA is only one of the several inputs
for making risk management decisions. Other inputs include the screening ecological risk
assessment or evaluation, cost, technical feasibility, compliance, schedule, environmental
liability, societal benefits, and community acceptance, etc. However, where the risks and
environmental impacts are acceptable, there should not be a basis for further action as it relates
to the issue of PCBs leaching from these ships using the exposure scenario defined in this
document.
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41 DATA QUALITY OBJECTIVES

The data quality objectives (DQO) process (EPA 1993), including the presentation of key steps
to establish DQOs, has been fully described in the draft HHRA work plan and its appendices
(SAQAP;jP). This section provides a summary of the key elements for the DQOs for fish data
collected in support of the HHRA.

Statement of the Problem:

Residual PCBs in sunken Navy vessels used for creating artificial reefs may contaminate the
marine environment and subsequently impact fish that are caught and eaten by recreational
fishers or anglers. PCBs are known to be highly bioaccumulative in fish, and have been shown
to cause cancer in experimental animals and various non-cancer effects in animals and humans
(reproductive, immunotoxic, chloracne, etc.).

Risk Management Decision:

The key decision is whether or not decommissioned Navy vessels should be sunk to create
artificial reefs. Risk management is the selection of remedial alternatives based on consideration
of risk and uncertainties, and other input criteria.

The risk assessment results and other risk management considerations may support one or more
of the following alternatives: (1) allow states to proceed with artificial reef building (with sunken
ex-Navy vessels) without limits or restrictions relating to the onboard PCBs, (2) require the Navy
to gather additional data and evaluate existing sunken vessel artificial reefs relating to the
onboard PCBs, or (3) allow states to proceed with building artificial reefs with conditions
relating to the onboard PCBs.

Inputs or Data Needs for Making the Decision:

Data that provide the concentrations of PCBs in recreationally caught fish are needed to estimate
human health risks from the fish ingestion exposure pathway. The risk assessment findings also
may be used to support additional studies specific to Navy vessels.

The investigation and the resulting risk assessment provides much useful information, including:

e Deterministic and probabilistic risks associated with consumption of fish from artificial reefs.
In particular, it provides evidence to help answer the question “Do sunken vessel artificial
reefs currently pose unacceptable risks to humans?”

e Whether fish tissue at artificial reefs contains higher levels of PCBs than those for fish from
uncontaminated (reference or background) areas.

e The contribution of “background” to overall PCB risks. When making decisions on the
advisability of sinking any Navy vessels, total (i.e., background + incremental) PCB risks
have to be considered.

e Together with other risk assessment/risk management tools such as the Prospective Risk
Assessment Model (PRAM) (NEHC 2000d), the HHRA should help facilitate EPA's reviews
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of applications by interested states to build artificial reefs elsewhere and the determination of
whether any additional studies might be required.

Decision Rule:

Various statistical methods have been used to determine if differences in fish tissue PCB
concentrations exist between fish from the reference and target reefs. If there is a difference,
RME and average exposure scenarios will be used to characterize risk and hazard associated with
consumption of these fish. If the estimated excess lifetime carcinogenic risks are lower than

1 x 10 and the hazard quotients are equal to or below unity (1), and an evaluation of uncertainty
concludes that the uncertainty is acceptable, there should not be a basis of concern for the fish
ingestion pathway associated with the sunken vessel reef in S.C. Based on EPA’s comments on
the work plan (Versar 2001), it is understood that EPA has the discretion of lowering the
acceptable risk and hazard level (therefore, making them more stringent), and may impose
restrictions even when the risk is less than 1 x 10™.

If there are exceedances above the 107 (cancer risk) and the 1.0 (hazard level), there may be a
basis for concern, and additional evaluation should be performed. Such evaluations may include
sampling of abiotic media and additional sampling and analyses of fish and biota in the benthic
and epibenthic communities to determine whether the food-web model as delineated in the Site
Conceptual Exposure Model (SCEM) (Figure 5-1) is correct. Additionally, a refined approach to
evaluate risks and uncertainty would be required.

Limits on Decision Errors:

Uncertainties in the data input for the estimation of carcinogenic risks and hazards are expected.
Such uncertainties or data variability have been evaluated by the average risks and hazards, and
findings from the probabilistic evaluation. The fish data to be collected and analyzed are
definitive data, and have been reviewed and validated for quality according to requirements
identified in SAQAP]jP. Rejected data was not be used in the risk assessment (it is noted that
there were no rejected data). Exposure factors were based on site-specific considerations and
EPA’s Exposure Factors Handbook (EPA 1997a). The input data, exposure factors and
uncertainties used in the risk assessment were reviewed to ascertain reliability of the results.

42 DATA ACQUISITION

Through interagency agreement, SSC-SD solicited the assistance of the Finfish Management
Section of SCDNR, Charleston, SC to collect and process fish under the direction of Mr. Mel
Bell. Todd Hunt, a fish biologist at URS Corporation — Franklin, TN, was assigned by NEHC to
accompany the sampling crew to observe, document, and assist in fish collecting, processing and
sampling in accordance with the SAQAPjP. For PCB analyses, SSC-SD selected the analytical
service of AXYS Analytical Services, Ltd. of Sidney, British Columbia, Canada (AXYS). EPA
Method 1668, Revision A, a high-resolution gas chromatography/high-resolution mass
spectrometry (HR-GC/HR-MS) (EPA 1999) method was used to achieve an average target
reporting limit less than 0.015 ng/g (15 pg/g) per individual congener. Dr. Alan Roberts, Senior
Chemist of URS, directed the data validation effort (Appendices D-1 and D-2). This section
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describes the sampling strategy, data collection, and quality assurance program that has resulted
in the PCB data for the HHRA.

421 Sampling Strategy

Various finfish species have been found and documented by SCDNR (Table 4-1). According to
SCDNR, edible fish such as Black Sea Bass, Grouper, White Grunt, and Vermilion Snapper are
some of the primary demersal species caught and consumed by recreational anglers fishing on
artificial and natural reefs off South Carolina.” These species can be strongly territorial on and
near offshore reefs, although Black Sea Bass may spend most of their early life stages associated
with hard bottom substrates in estuarine and nearshore waters before migrating farther out to sea.
White Grunt and Vermilion Snapper spend the majority of their life cycles closely associated
with offshore hard bottom reef habitats. The choice of these target species was intended to focus
the HHRA on finfish species that recreational artificial reef fishers are likely to catch and eat,
and that are also likely to accumulate PCBs from the reef (i.e., resident upper trophic-level fish).

According to the HHRA work plan, Black Sea Bass, Grouper, and other valued finfish, such as
the White Grunt and Vermilion Snapper were the potential fish species to be collected. The
target reef was determined to be the worst-case sunken vessel artificial reef identified in the 1998
SCDNR study, the ex-VERMILLION. This reef was found by SCDNR to have some of the
highest PCB levels detected in this study, with a detection limit of 100 parts per billion.> The
reef to be used as the reference reef was determined to be the Northern Area Natural Reef, located
approximately 4 km southwest of the target reef. The reference reef is a hard-bottom natural reef
that is unlikely to contain PCBs, and that was not likely to be within the home range of the fish
species resident to the target reef. Appendix B provides additional discussion on the
characteristics and approximate locations of these reefs.

The goal of the data acquisition effort was a minimum of fifteen fish per selected species from
each reef site. Although smaller numbers (e.g., 7 or 9) may have been acceptable, the numeric
goal of 15 was generally recognized as an acceptable number of samples required to characterize
the degree of contamination of a relatively homogenous sample population with a reasonable
level of confidence and statistical power. No small specimens were to be used. All finfish
needed to be above the legal size to best represent size classes that recreational fishers would be
likely to take home and eat. At each reef location, both field samples (standard fish samples) and

2 There are two species of Grouper commonly found off the South Carolina Coast: the scamp grouper (M. microlepis) and gag
grouper (M. phenax). Both species have similar life habits. Either species would have been acceptable to be used in the risk
assessment; generally the scamp grouper is more abundant. It was recommended that the gag grouper be used only as a backup
for scamp in the event the gag grouper turned out to be more numerous when sampling was conducted. In other words, a field
decision with scamp grouper as preference, but no mixing and matching of these two different species. If other valued finfish
species were encountered and caught, these species were to be used to substitute the Grouper sp. or Black Sea Bass in entirety.
The valued finfish fish species included White Grunt (Haemulon plumieri) and Vermilion Snapper (Rhomboplites aurorubens),
etc.

* In the study by SCDNR (Martore et al. 1998), which was considered preliminary, PCB data were collected from biota at former
sunken vessel sites. In the Northern Region (the proposed study area), none of the biota analyzed were found to contain PCBs
above the limit of quantitation (LOQ) at 100 ppb at the hard-bottom natural reef (reference reef). In contrast, the ex-
VERMILLION (target reef) in this region had the highest concentration of PCBs in biota (Atlantic Winged Oyster at 235 ppb)
among the seven sunken vessel reefs studied. The ex-VERMILLION was also the largest sunken vessel among the ship classes
evaluated and therefore, was expected to have the highest estimated source term (mass of PCB-containing materials) of any of the
vessels.

URS 43



SECTIONFOUR Data Acquisition and Quality Assurance

quality assurance (QA) samples were to be obtained. Consistent with the state of the practice for
fish sampling, finfish were to be caught and preserved (stored on ice or frozen) and samples were
not to be created and assigned sample numbers until the fillets were collected from the fish.
According to the SAQAP]P, the QA samples were to consist of the following:

(1) Rinsate or equipment blank (RB). RB samples were to be collected at the frequency of one
sample per sampling/fish processing location. If fish were processed at the SCDNR Marine
Resources Research Institute's laboratory (rather than on the fishing vessel), one RB sample
per fish processing event was also required for that location. A rinsate blank is created by
rinsing the decontaminated fish processing equipment with triple distilled or deionized water.

(2) Field duplicate (FD)/Split samples. FD samples (intralab precision) /split samples (interlab
precision) were collected for 5% or more of the total number of fish collected and processed.
A FD sample for a particular finfish sample (FS) is created by filleting both sides of a fish
being processed. One side will be designated as FS and the other side, as FD.

(3) Matrix spike (MS). Although MS and matrix spike duplicate analyses were not required by
Method 1668, at least 5% of the fish collected and processed were designated for MS
analysis. From a single finfish, one fish fillet collected was labeled as FS and the other, MS.
In addition, the laboratory analyzed at least 5% of the field samples or matrix spike samples
in duplicate.

Excess finfish samples not shipped to the contract laboratory (AXYS) were archived and stored
(kept frozen) at the SCDNR laboratory initially and later transferred to the URS — Franklin, TN
laboratory under strict custody.

4.2.2 Summary of Fish Collection Efforts

Fish collection efforts included two sampling events, and an additional visit to the target reef in
an attempt to collect additional Black Sea Bass (Centropristis striata). No additional Black Sea
Bass were collected in the last event. A total of 62 and 55 fish were collected at the reference
and target reefs, respectively. Of these samples, all 62 reference reef fish and 51 of the target
reef fish were used in the risk assessment (Table 4-2). The fish collected consisted of Vermilion
Snapper (Rhomboplites aurorubens), White Grunt (Haemulon plumieri), and Black Sea Bass (Centropristis
striata). Bank Sea Bass (Centropristis ocyurus) and sublegal-sized Gag Grouper (Mycteroperca
microlepis) and Scamp Grouper (Mycteroperca phenax) were collected at the reference reef, but not
retained. Whitebone Porgy (Calamus leucosteus) were collected at the target reef, but not retained.
Two toadfish were collected at the reference reef in the first sampling event. The livers of the
toadfish were removed, weighed, and archived for possible use in the ecological risk assessment.
(Ecological risk assessment is not part of this report.)

The first sampling event was held between May 1 and May 4, 2000. The sampling effort was
undertaken by the Finfish Management Section of SCDNR under the direction of Mr. Mel Bell.
Eight SCDNR scientific crew members and Todd Hunt of URS participated in this collection
activity. The sampling gear utilized included chevron traps, modified crab traps, hook and line,
and spearfishing (Appendix C). Fishing was conducted onboard of R.V. Palmetto on May 2 and
May 3, 2000. Mel Bell, two other SCDNR crew-members and Todd Hunt took measurements
(Iength, weights, sex, and age) and processed the collected and retained fish and samples
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onboard R.V. Palmetto. QA/QC samples (i.e., field duplicates and rinsate samples) were also
collected.

During the sampling event, the SCDNR divers observed the following:
e Very few legal-sized grouper at either reef; and

e Very few Black Sea Bass at the target reef.

Experience from the first sampling event suggested that it was very unlikely that an adequate
sample size or number of either species of grouper could be collected. Divers would, more than
likely, have provided the best opportunity to collect large groupers. Diver’s “bottom” time was
limited in the 100 foot-plus water depths and therefore an enormous amount of effort would have
been required to collect 15-20 legal groupers. As an alternative, it was decided that the next
sampling event should concentrate on collecting Black Sea Bass from the target reef. As another
possible alternative, the collection of White Grunt and Vermilion Snappers at the target reef was
considered. From recreational fisheries landings reports, SCDNR had previously documented
that recreational fisherman readily caught and consumed White Grunt and Vermilion Snapper.
Based on their life histories, both species are known to closely associate with natural and
artificial reef locations, and show strong site fidelity to these types of hard bottom habitats
throughout their life cycles.

The second sampling event was held between June 12 and June 15, 2000. Like the first sampling
event, the sampling effort was undertaken by SCDNR. Five SCDNR scientific crew-members
and Todd Hunt participated in this collection activity. The sampling gear utilized was the same
as that used in the first sampling event. Fishing was conducted onboard the R.V. Palmetto on
June 13 and June 14, 2000. Mel Bell and Todd Hunt took measurements. Fish were not
processed, instead, sample identification numbers were assigned and each fish was individually
bagged. Samples were sorted by species, by site, and sealed into larger bags to facilitate future
fish processing. Chain-of-custody forms were completed and placed in each bag. QA/QC
samples were not collected since processing was not performed. Divers observed very few
Black Sea Bass at the target reef location, although 10 individual Black Sea Bass were collected
by spearfishing. Fish samples were kept frozen and stored at SCDNR temporarily pending the
results of an additional fish collection effort. This third effort was unsuccessful in collecting
additional Black Sea Bass from the target reef.

On June 27, fish from the second sampling event were removed from frozen storage and placed
in coolers of wet ice to thaw. On July 31, the SCDNR team and Todd Hunt prepared the
processing area at the SCDNR laboratory and reviewed fish processing procedures. On August 1
and 2, fish were processed with fillets individually wrapped and placed in a sealed bag together
and frozen. QA/QC samples were collected. Tables 4-4 and 4-5 present information concerning
sample identification number (ID), date collected, length, weight, sex, and estimated age (in
years) for the fish collected. Due to threats of hurricanes in South Carolina and the possibility of
electrical outages, SCDNR and the Navy jointly decided that the fish should be removed and
shipped to the URS laboratory in Franklin, TN for storage to await shipment to the analytical
laboratory. Four coolers of frozen fish fillets on wet ice were shipped by overnight express
courier to the URS- Franklin, TN office under appropriate chain-of-custody procedures. The fish
samples arrived frozen at URS and a Sample Custodian cross checked each sample against the
chain-of-custody form and placed the samples in a freezer which was sealed with custody seals
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until the samples were shipped to AXY'S on September 13, 2000. Table 4-6 presents sample
IDs, types, and analysis requested on the chain-of-custody form.

4.2.3 Supplemental Analytical Needs

During the initial round of sample analyses for this risk assessment, the analytical results from
AXYS indicated that the White Grunt target reef sample PCB concentrations were significantly
higher than those from the reference reef, both on a whole fillet basis and on a lipid-normalized
basis. There also was a lipid content difference reported between the target and reference reef
White Grunt samples. These results are in marked contrast to those for the Vermilion Snapper
samples for which there was little, if any, increase in PCB or lipid concentrations between the
reference and target reefs. While the specific reason(s) for differences in lipid content between
fish from the target reef and reference reef was not investigated, it is believed that the artificial
reef created by the sinking of the ex-VERMILLION creates a relatively concentrated non-mobile
fishery. The surrounding area based on discussion with the SCDNR crew was described as sand
flats with limited areas of shelter and habitat. Therefore, a fish associated with the ex-
VERMILLION is not as likely to expend energy in pursuit of prey thus conserving their fat
reserve. The reference reef was more complex and diverse and therefore fish are more likely to
expend greater effort pursuing food.

After receipt of samples, the laboratory arranged their preparation batch samples such that each
of the four batches consisted largely of samples from the same species and reef. This raised the
question as to whether the anomalous analytical results for the White Grunt reference reef
samples could possibly be a result of something that happened to that batch of samples during
preparation or analysis rather than representing a true difference for the White Grunt fish found
over the target reef. A detailed review of procedures and raw data and split sample results was
performed to see if anything could be discovered that would suggest that the results were an
artifact of the preparation or analysis procedures. As summarized in the data validation report
attached as Appendix D-1, nothing was found to suggest that the results were an artifact of the
procedures. The evidence strongly suggests that the reported results are not likely to be an
artifact of the procedures.

However, since an initial evaluation of the White Grunt target reef results indicated an elevated
level of PCBs (See Section 5.4.1) it was decided to analyze additional fish samples that had been
archived from the original sampling episodes. On July 9, 2001 all of the archived fish fillet
samples stored frozen under custody at the URS-Franklin, TN office, were split and shipped
under custody to two separate laboratories (AXYS and the Arthur D. Little laboratory in
Cambridge Massachusetts). Each sample was given a randomly selected Field Identification
number so the laboratories would not know from which fish species and which reef each sample
came. The archived samples included samples collected from an additional species, Black Sea
Bass. At each laboratory, the samples were independently homogenized and analyzed using
different analytical methods. AXYS analyzed the samples using Method 1668 procedures
identical to those for the first round of analyses. Arthur D. Little used a modified Method 680
Selective Ion Monitoring Gas Chromatography/Mass Spectrometry method. It was anticipated
that these supplemental analyses would either increase the confidence in the results reported
from round 1 or would supply evidence that the differences were an artifact of the preparation or
analysis procedures.
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The analytical results from the supplemental analyses strongly supported the findings from the
first round of analyses and provided conclusive support for the conclusion that observed
differences between target reef and reference reef analytical results were not an artifact of the
preparation or analysis procedures. Very good agreement was obtained between the results from
AXYS and those from the second laboratory. This good agreement was obtained for the results
from all three species of fish from both the target and reference reefs. Of prime importance is
the observation that the results provided by both laboratories for the White grunt samples
indicated significantly higher PCB and lipid concentrations in the fish collected over the target
reef relative to those collected over the reference reef, verifying the findings from the first round
White Grunt analyses. Both laboratories also had analytical results for Certified Reference
Material analyses in good agreement with the certified values.

Since the supplemental analyses provided such strong support for the high quality of both the
first and second round of sample analyses by Method 1668, the Human Health Risk Assessment
was performed on the pooled Round 1 and Round 2 Method 1668 results.

4.3 SAMPLE ANALYSIS, REPORTING, AND VALIDATION

AXYS performed work according to the scope of work (SOW) prepared for the laboratory. The
SOW prescribed the holding times, temperatures, sample preparation, analytical methods,
required detection limits, internal audit and quality control measures (including instrument
calibration, laboratory duplicates, procedural blank, ongoing precision and recovery, etc.),
calculation of data quality indicators (precision, accuracy, and completeness), schedules, and the
type of data packages required as deliverables. All samples were homogenized by the laboratory
before extraction and analysis. A laboratory rinsate blank was collected for the homogenizer. In
addition, the laboratory also performed analyses of the method blank and laboratory control
samples (LCS). (The laboratory was provided with a standard reference material (SRM) [same
as certified reference material {CRM}] that contained PCB congeners and other organics for the
assessment of the laboratory's performance in sample homogenization, extraction, and analysis.)
The SRM consisted of PCB congeners in mussel tissue (U.S. Commerce Department’s National
Institute of Standards and Technology [NIST] CRM 1974a) with 20 PCB congeners with
reference concentrations that range from 0.0055 mg/kg to 0.876 mg/kg). This SRM was sent
directly by the Navy’s contractor (Arthur D. Little [ADL]) who served the role as the prime
contractor to AXYS for analytical services in the SCREENEX project.

4.3.1 Analytical Method and Reporting Limits

The selection of the analytical method to support risk-based determination and risk assessment
was considered and discussed extensively in the draft HHRA work plan. Based on guidance in
RAGS (EPA 1989a), non-detected constituents are assigned a surrogate concentration value of
one-half the detection limit. It should be noted that there are 209 specific PCB compounds and a
single homologue group may contain one compound (deca-chlorinated) to as many as 46
compounds (penta-chlorinated isomer group). Since the non-detects and detected levels of PCBs
were to be used in the risk assessment, an analytical method that could provide a lower detection
limit provided a lower surrogate concentration for the non-detects and thus reduced uncertainty
in the baseline risk assessment.
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The project-required risk-based reporting limit for total PCBs was 3.2 pg/kg (ppb or ng/g) on a
wet weight basis. This corresponds to an average reporting limit of 15 ng/kg (0.015 pg/kg) per
congener such that if all 209 PCB congeners were non-detectable, the sum of one-half of the
reporting limits would equal the EPA Region III RBC of 1.6 ug/kg. To meet this low detection
limit, the latest update of EPA Method 1668 (Revision A), a HR-GC/HR-MS analytical method,
was required of AXYS for the analyses. Because PCBs accumulate in fats, lipid analysis was
performed on all samples according to Method 1668. Additionally, moisture content was
determined for each sample.

4.3.2 Sample Reporting

The laboratory deliverable was a CLP-like full data package, including the laboratory's detailed
QC narratives, calibration, tuning, raw data, and summary forms for all samples and QC
samples. All analyses were reported on a wet-weight basis. The laboratory maintained the extra
homogenates for up to 12 months before they were discarded. During this time, frozen samples
were to be kept at a temperature equal to or below —10 degree Celsius.

The analytical results for the fish tissue samples were reported in two data packages with AXYS
identification numbers 2767 and 3606 for the first and second rounds of analyses respectively.
The date of the report for the first round of analyses was November, 2000. These samples were
prepared and analyzed in four preparation batches. The date of the report for the second round of
analyses was September, 2001. These samples were prepared and analyzed in three preparation
batches. No field duplicate analyses were associated with the second round of analyses. The
split sample analysis agreement is considered to provide adequate evaluation of the sampling and
analysis precision for this round of analysis without having additional intra-laboratory field
duplicate analyses performed.

AXYS provided the deliverable in hard-copy and electronic formats. NEHC created a database
in Microsoft Access, into which the laboratory data were downloaded. The sample reporting
forms, printed from the database, are included in the data validation report (Appendix D).

4.3.3 Summary of Data Validation Process

Per the SAQAP]P, all fish tissue sample data were validated to assess the quality of the data
generated by the laboratory and the effect of any quality control indicators found outside the
evaluation limits on data usability. The data validation was conducted in accordance with the
provisions of the SAQAPjP which specifies EPA Region 10 guidance on the validation of
Method 1668 data for the HR-GC/HR-MS analysis (EPA 1995b) and the EPA’s National CLP
Program’s National Functional Guidelines for Organic Data Review (EPA 1999), as appropriate.
The validation consisted of evaluating laboratory performance parameters for at least 25% of
each data set (round 1 and 2) and sample-specific parameters for 100% of the data sets.

The following areas were validated in accordance with the SAQAP;)P:
e Chain-of-custody forms
e Sample receipt temperatures

e [Extraction documentation
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Holding times

Instrument tuning

Instrument calibration - initial and continuing
Method blanks

Internal Standard Recoveries
Laboratory control standards
SRMs

MS and duplicate sample analyses
Field duplicates

Field blanks - rinsates

Compound identifications

Recalculations of response factors, sample concentrations, etc.

Laboratory performance parameters were reviewed during data validation. These parameters are
those that control the analytical laboratory and thus, are indicators of the overall performance of
analytical system. The laboratory performance parameters evaluated include:

GC/MS performance checks (i.e. tuning and resolution);
initial calibration;
calibration verification;

system performance (i.e. ongoing precision and recovery as indicated through the analysis of
laboratory control samples and SRM);

compound identification;
compound quantitation; and

verification (i.e. checking for transcription errors).

Sample-specific parameters were also evaluated during data validation. These are parameters
that are influenced by sample handling procedures and the matrix of the individual sample. They
include:

case narrative comments;

sample handling (i.e. COC procedures, sample receipt, and holding times);
method blank results;

rinsate blank results;

internal standard recovery;

matrix spike analysis;
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e laboratory duplicate sample analysis; and

o field duplicate agreement.

Following the evaluation of laboratory performance criteria and sample-specific criteria, an
overall assessment of the data with respect to the data quality indicators of reporting limits,
accuracy, precision, completeness, representativeness, and comparability was formulated. The
overall assessment is presented in Section 4.3.4.

During the data validation process, the data reviewer annotated on the analytical data sheets data
validation qualifiers (“U”, “J”, “UJ”, and “R”) and associated qualifier and bias codes as listed in
Table 2-1 of Appendix D. The purpose of the qualifier codes is to provide information with
regard to the data quality condition(s) that resulted in the assigned qualifiers. The bias code
provides an indication of the bias direction of the results qualified as estimated based on data
quality condition(s) that resulted in the data qualification and the results of the other associated
quality control analyses. The data qualifier codes are followed by a hyphen and the applicable
bias code. For example, a result qualified as “estimated due to a holding time exceedance”,
which resulted in a potential low bias in the result, would have the following code annotated on
the data sheet, “HT-L”. In the case of multiple data quality conditions resulting in qualification,
each qualifier code is listed and separated by a comma. For example, a result qualified as
estimated due to low matrix spike recovery and poor method duplicate precision would have the
following codes annotated on the data sheet, “MS, MD — I””. The analytical results with assigned
data qualifiers, qualifier codes, and bias codes are also included in Appendix D.

4.3.4 Overall Assessment

Section 4 of Appendix D-1 (first round analyses) and Section 4 of Appendix D-2 (second round
analyses) present detailed findings of the data validation. Careful examination of all laboratory
documentation and raw data was conducted and no errors were found in sample preparation or
analysis. No systematic errors were likely during sample preparation and analysis since AXYS
used a variety of laboratory personnel in preparing samples for each analytical batch.

The data validation found that some results qualified as nondetect (U) on the basis of method
blank and/or rinsate blank contamination and some results were qualified as nondetect on the
basis of identification criteria. In addition, a few sample results were qualified as estimated (J) on
the basis of associated matrix spike recoveries, CRM results, or due to co-elution with one or
more non-target PCBs.* A summary of QC parameters evaluated is presented below:

4 Some of the PCB congeners could have a potential high bias in the AXYS analytical results owing to the fact that the results
reported by AXYS for some of the congeners are from peaks comprised of co-eluting congeners. Upon review of the certificate
of analysis for SRM 1974a, no certified value for PCB 87 was found. PCB 87 coelutes with PCBs 86, 97, 108, 119, and 125.
Therefore, the reported values for PCB 87 are maximum possible concentrations. As described in the validation report
(Appendix D) for the first round of analyses:

"No errors in compound quantitation were found. However, several target PCB congeners co-elute with one or more non-target
PCBs. Detected results or these PCBs were qualified as estimated (J) with a potential high bias because the reported value
represents the sum of the concentrations of the target PCB in addition to other co-eluting congeners. A qualifier code of
EMPC(C)-H was assigned to these results, where EMPC stands for estimated maximum possible concentration and the "C" in
parentheses indicates co-elution as the cause. The affected PCBs are: PCB18, PCB28, PCB44, PCB49, PCB87, PCB101,
PCB128, PCB138, PCB153, PCB180 and PCB183. Of these, the only dioxin-like congener is PCB180, which co-elutes with
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Sensitivity — In accordance with the method requirements, the laboratory calculated an estimated
detection limit (EDL) based on a signal to noise ratio of 3:1. The level of sensitivity achieved
for the individual sample analyses is considered to be acceptable. Of the 149 nondetect results
for individual congeners for round 1 analyses (for which the average detection limit was 4 pg/g
and the median detection limit was 0.26 pg/g), only 12 had detection limits greater than 15 pg/g.
They were for PCB congener numbers 126 and 169. In each instance, the detection limits for the
nondetect results accounted for less than 0.5% of the total PCB result. Of the 171 nondetect
results for individual congeners for round 2 analyses (for which the average detection limit was 3
pg/g and the median detection limit was 1.2 pg/g), only 4 had detection limits greater than 15
pg/g. They were all for PCB congener number 44. In each instance, the detection limits for the
nondetect results accounted for less than 0.5% of the total PCB result.

Accuracy — Accuracy was measured as the percent recovery (%R) of an analyte in a reference
standard (LCS or CRM) or spiked sample (MS). For round 1 analyses, All LCS recoveries were
within acceptance limits. The mean recoveries for 12 of 14 CRM target analytes were within
acceptance range of 50-150%. Forty-three of the 45 applicable matrix spike recoveries were
within acceptance ranges. For round 2 analyses, All LCS recoveries were within acceptance
limits. The mean recoveries for 12 of 14 CRM target analytes were within an acceptance range
of 50-150%. All of the 68 applicable matrix spike recoveries were within acceptance ranges.
Since the vast majority of spike recoveries were within acceptance ranges, the overall level of
accuracy achieved for the analyses for both rounds of data is considered to be acceptable.

Precision — Precision of laboratory measurements was evaluated by the comparison of
sample/sample duplicate results. The overall analytical precision of the analyses is considered to
be acceptable as all laboratory duplicate measurements for both rounds of analyses satisfied the
applicable evaluation criterion defined in the SAQAPjP.

Completeness — All analytical results are considered to be valid and usable for meeting project
objectives. Valid results include those qualified as estimated or nondetect. As such, the
analytical completeness for this data set is 100%.

Representativeness — Representativeness was maintained during the sampling effort by
completing sampling in compliance with the HHRA work plan and relevant SOPs. During the
first round of analyses, one field duplicate sample was prepared for each sample population (i.e.
White Grunt target reef, White Grunt reference reef, Vermilion Snapper target reef, and
Vermilion Snapper reference reef). The field duplicate results suggest that the fish tissue
samples are representative of the medium sampled. No field duplicate samples were analyzed
associated with the second round of analyses. However, non-homogenized splits (the second
fillet) of all second round field samples were analyzed by a second laboratory using a differing
analytical method. Excellent agreement was observed between the two sets of results, further
supporting the conclusion that the Method 1668 fish tissue sample analyses performed by AXYS
are representative of the medium sampled

Comparability — As the samples within both sets were analyzed in accordance with the quality
assurance and quality control measures prescribed by the analytical method and the SAQAPjP,

only one non-target PCB congener (PCB193). As such, risk calculations for the dioxin-like congeners should not be significantly
affected by the potential high bias in PCB concentrations due to coelution.”
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and acceptable levels of overall accuracy and precision were obtained, the data within each set
and across the two sets are considered to be comparable to each other.

Based on the above data validation findings, the overall conclusion was that the data for both
rounds of sampling are considered usable for meeting project objectives and are sufficiently
comparable to be pooled for use in the risk assessment.




SECTIONFIVE Human Health Risk Assessment

5.1 SUMMARY OF TECHNICAL APPROACH

5.1.1 Overview

For characterization of potential human health risks under the food-chain scenario, the
concentration of PCB analytes and total PCBs for individual fish caught at the target reef were
compared to the UTLs derived from the reference reef data for that fish species. In addition, a
non-parametric Wilcoxon Rank Test was used to determine whether there was a significant
difference in PCB concentrations between the target and reference reefs. In response to the EPA
comments (EPA 2001b), even if none of the fish data were found to exceed their corresponding
UTL, the Navy would proceed with the quantitative assessment of human health risks. Section
5.1.3 concludes that, with few exceptions, there was a difference in the PCB concentrations
between the two reefs. Therefore, the HHRA was performed in accordance with the technical
approach described in the draft HHRA work plan, as summarized below.

In the HHRA, risks were estimated for the ingestion of each separate fish species for both the
reference reef and the target reef. Because fish caught at the reefs could be brought home and
eaten by children (i.e., a more sensitive population than adults), ingestion of fish by children was
included in the HHRA as a conservative measure. Calculations of non-cancer hazards are based
solely on childhood exposure. Cancer risk calculations are based on combined child and adult
exposure.

Potential cancer risks and non-cancer hazards for both deterministic and probabilistic evaluations
were calculated using standard EPA risk equations (EPA 1989a). For the deterministic
evaluation, calculations were performed using standard EXCEL® spreadsheets. For the
probabilistic evaluation, calculations were performed using a Monte Carlo simulation package,
Crystal Ball® by Decisioneering Inc. of Denver, Colorado. The governing equations used to
calculate risks are shown below:

Non-cancer hazard (based on child exposure only):

_(CF*IR *FI*EF*ED,))_ 1
(BW, *4T,,) RD

HI

Where:
HI = Hazard Index (unitless)
CF = Chemical concentration in fish tissue (mg/kg)
IR, = Fish ingestion rate in children (kg/day)
FI = Fraction of Fish Ingested (unitless)
EF = Exposure frequency (days/year)
ED. = Exposure duration for children (years)
BW. = Body weight of child (kg)
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AT, = Averaging time for non-carcinogens (365 days/year * ED)
RfD = Oral Reference dose (mg/kg/day)

Cancer risk (based on combined child and adult exposure):

IR *ED. IR *ED
CF*EF * F] *(—¢ ——c 4o ~Ta)
BW., BW,

CR = : C*SF
AT,

Where:
CR = Cancer risk (unitless)
CF = Chemical concentration in fish tissue (mg/kg)
EF = Exposure frequency (days/year)
IR, = Fish ingestion rate in adults (kg/day)
ED, = Exposure duration for adults (years)
BW. = Body weight of child (kg)
BW, = Body weight of adults (kg)
AT, = Averaging time for carcinogens (25,550 days)
SF = Cancer slope factor (mg/kg/day)”
FI = Fraction of Fish Ingested

5.1.2 Data Compilation

Validated data were compiled into six data categories for use in the HHRA. Each category
contains data of finfish samples analyzed for 24 analytes/analyte classes. The total number of
data sets is 144 (six times 24). The number of fish samples collected for each category are listed
below:

e White Grunt, Target Reef (20 samples)

e White Grunt, Reference Reef (20 samples)

e Black Sea Bass, Target Reef (11 samples)

e Black Sea Bass, Reference Reef (20 samples)

e Vermilion Snapper, Target Reef (20 samples)

e Vermilion Snapper, Reference Reef (22 samples)

The 24 PCB analyte data sets include:
e 10 homologue groups (mono- through deca-chlorinated biphenyls)
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e Total PCBs

¢ 13 dioxin-like PCBs (congener numbers 77, 105, 114, 118, 123, 126, 156, 157, 167, 169,
170, 180, and 189)

5.1.3 Calculation of Upper Tolerance Limits and Wilcoxon Rank Sum Test for Target and
Reference Reef Species

The UTL for each analyte is based on the mass of total PCB in each homologue group, total
PCB, or the mass of individual dioxin-like PCB congener per unit mass of fish on a wet-weight
basis. The laboratory reported the analytical results in picogram per gram (pg/g), which can be
converted to milligram per kilogram (mg/kg) by dividing the analytical result by one million, i.e.,
(picogram/gram)/107°,

UTLs were calculated for the Vermilion Snapper and White Grunt caught at the reference reef,
with and without lipid normalization. Tests for normality showed that most analytes were either
lognormal or unknown in their data distribution. The 95% UTLs for each data set were
calculated based on a lognormal distribution. The data set was first transformed by taking the
natural logarithm of each analyte concentration. The mean and standard deviation of the
transformed data were calculated by standard statistical methods. The equation below was used
to calculate the 95% UTL.:

UTL = "™
Where:
UTL = Upper Tolerance Limit
x = mean of the log transformed data set
s = standard deviation of the log transformed data set
K = K statistic

A K statistic with a 95% confidence level was used to calculate the 95% UTL for all three
species of fish (Black Sea Bass, White Grunt and Vermilion Snapper). Comparisons of the 95%
UTL for the reference reef fish to the corresponding average and maximum concentrations for
each analyte in the target reef fish are presented in Table 5-1.

The maximum PCB concentrations in White Grunt from the target reef exceeded the 95% UTL
for all (24 of 24) corresponding PCB concentrations in White Grunt from the reference reef. The
average PCB concentrations in White Grunt from the target reef exceeded the 95% UTL for the
corresponding PCB concentrations in White Grunt from the reference reef for 21 of 24 PCB
analytes. The maximum PCB concentrations in Black Sea Bass from the target reef exceeded the
95% UTL for the corresponding PCB concentrations in Black Sea Bass from the reference reef
for 22 of the 24 PCB analytes. The average PCB concentrations in Black Sea Bass from the
target reef exceeded the 95% UTL for the corresponding PCB concentrations in Black Sea Bass
from the reference reef for 15 of 24 PCB analytes. The maximum PCB concentrations in
Vermilion Snapper from the target reef exceeded the 95% UTL for the corresponding PCB
concentrations in Vermilion Snapper from the reference reef for 20 of the 24 PCB analytes. The
average PCB concentrations in Vermilion Snapper from the target reef exceeded the 95% UTL
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for the corresponding PCB concentrations in Vermilion Snapper from the reference reef for 6 of
24 PCB analytes.

Calculations of the 95% UTL were also performed on the original phase I data set (White Grunt
and Vermilion Snapper only) for lipid-normalized PCB concentrations (i.e., correction of the
PCB concentration to a weight PCB/weight Lipid basis) in the reference reef fish. Comparison of
the lipid normalized PCB concentrations in target reef fish to the lipid-normalized 95% UTLs
resulted in similar conclusions to those obtained using data that was not lipid-normalized. Lipid-
normalized target reef PCB concentrations generally exceeded the lipid-normalized reference
reef 95% UTLs. The exceedance was more pronounced in the White Grunt than the Vermilion
Snapper. Based on this review of Phase 1 data, the differences in PCB concentrations between
the reference and target reef fish did not appear to be due to the lipid content of the fish.
Because of this, calculations were not performed on lipid-normalized data for the combined data
sets (Phases 1 and 2).

The exceedances above the UTLs suggest that PCB concentrations in the target reef fish tissue
are higher than the same PCB analytes in the reference reef fish. To confirm the UTL finding
and to show that there is a statistically significant difference between PCB concentrations in fish
at both reefs, a Wilcoxon Rank Test was performed. The Wilcoxon Rank Test is a standard,
non-parametric statistical function that compares two data sets to determine if the two individual
data sets may have arisen from the same overlying data set. It helps to determine if the
differences observed in statistical results between fish from the reference and target reefs are the
result of true statistical differences or due to sampling differences from a larger sample pool.
Since the Wilcoxon Test is non-parametric (i.e., does not rely on determining the distribution of
the data), data were not transformed. The results of the Wilcoxon Tests are presented in Table 5-
2 and Appendix G. A probability of <0.0500 (i.e., 95% Confidence) is generally considered
statistically significant. PCB concentrations found in White Grunt from the target reef are
statistically different from corresponding PCB concentrations in White Grunt from the reference
reef for all PCB analytes. PCB concentrations in Black Sea Bass from the target reef are
statistically different from corresponding PCB concentrations in Black Sea Bass from the
reference reef for 22 of the 24 PCB analytes. PCB concentrations in Vermilion Snapper from the
target reef are statistically different from corresponding PCB concentrations in Vermilion
Snapper from the reference reef for 15 of the 24 PCB analytes.

The UTL and Wilcoxon results provided the basis for the decision that a quantitative HHRA
should be conducted to evaluate human health risks for the fish ingestion exposure pathway.

5.2 EXPOSURE ASSESSMENT

5.2.1 Site Conceptual Exposure Model

The Site Conceptual Exposure Model (SCEM) (Figure 5-1) hypothesizes the manner in which
the chemicals of potential concern (i.e., PCBs) are released and transported from the source
location to the point of exposure, and the routes by which the PCBs can enter the human body.
The SCEM was developed in the draft HHRA work plan and used as a tool to guide the fish
collection and sampling strategy so that the data can best represent the nature and extent of any
potential fish contamination at the target reference. Specifically, the SCEM serves as the basis
for scoping the sampling program by identifying the sampling locations and types of samples to
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be collected. The SCEM was developed based on the Navy’s understanding of the source and
characteristics of PCBs, their transport mechanisms, potential exposure routes, and human
activities that could result in exposure. The SCEM was used to identify the fish ingestion
exposure pathway as a complete and significant pathway for the HHRA. If performances of
additional risk assessments are warranted to reduce uncertainties, the SCEM can be used to guide
identification of data needs and data collection strategy in support of such assessments. The
SCEM in this project has the following elements:

e Chemical Sources - The sources of PCBs within sunken Navy vessels are primarily
associated with residual PCBs in material/equipment/articles that have not been completely
removed. The sources are originated from the PCB-containing non-liquid construction
materials within the vessels such as non-oil filled electrical cables, enclosed electronics, felt
gaskets, engine mounts, sealants, and heat resistant paints. Areas where PCB residuals or
PCB-containing materials are most likely to be found on vessels that are:

constructed before 1979;

- powered by boilers/turbines;

- provide repair and maintenance, services such as
- surface tenders; and

- have heavy electrical equipment such as rescue-salvage-towing vessels.

Certain classes of vessels and compartments within these vessels are potential sources of PCBs.’
The PCB residuals and PCB-containing materials are considered the primary sources of PCBs.
The secondary and tertiary sources of PCBs are organisms at the lower and higher trophic levels
that have ingested or taken in PCBs via bioconcentration and bioaccumulation.

e Release/Transport - Because of the low water solubilities of PCBs, the release rate of PCBs
has been demonstrated to be slow. Loss of integrity of PCB-containing materials due to
sinking operations could increase the surface area for leaking and leaching. With the
leaking/leaching action as the primary release mechanism, PCBs may be released into the
water column, and eventually settle and adsorb onto sediment. Through the mechanical
actions of burrowing worms, feeding on benthic macroinvertebrates by predators, and
movements of underwater currents, secondary release mechanisms such as desorption and
resuspension of PCBs from sediment may occur. PCBs could be transported from the water
column and sediment through the food chain from lower trophic levels to the human food
sources, i.e., finfish. The final transport mechanism requires catching these finfish for human
consumption.

¢ Routes of Exposure - PCBs are lipophilic compounds and can be readily absorbed by
organisms across the cellular-water interface. Uptake of PCBs by biota may bioconcentrate
PCBs, with subsequent bioaccumulation and biomagnification resulting in higher tissue

> Older operating vessels with heavy equipment and vessels with boiler-powered propulsion are likely to have PCBs
or PCB-containing materials. Using the above criteria, these classes or types of vessels may contain PCBs: Edenton
(rescue-salvage-towing); Kitty Hawk/Forestall (aircraft carrier/CVs); L.Y. Spear (surface/submarine tenders); and
WASP (amphibious landing/LHD), and others. The ex-VERMILLION falls into the class of Amphibious Landing
Craft.
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concentrations among upper trophic organisms. As shown in the SCEM, epibenthic
invertebrates and finfish could absorb PCBs directly from the water-column and benthic
invertebrates could absorb PCBs directly from sediment. Predatory and scavenging
invertebrates and small fish may be exposed to PCBs via ingestion of living organisms and
carrion. Larger finfish may be exposed to PCBs via the ingestion of lower trophic level
organisms, including crustaceans, mollusks, small fish, and worms.

e Potential Receptors - Humans may be at risk from the ingestion of higher trophic level
organisms (e.g., finfish species), which inhabit sunken Navy vessels. Artificial reefs are not
used for commercial fishing. Because of their placement several miles (or more) from the
shoreline, they are not readily accessible to subsistence anglers. Recreational anglers
represent the population with the potential for greatest exposure. Grouper, Black Sea Bass,
White Grunt, and Vermilion Snapper are considered prime food fish, and are highly sought
after by recreational anglers. Ingestion of these species of finfish by recreational anglers
represents the most likely high-end exposure conditions. For evaluation of potential non-
cancer hazard, a child scenario represents a worst-case scenario, while combined child/adult
exposure represents a worst-case scenario for evaluating cancer effects.

5.2.2 Selection of PCBs as Chemicals of Potential Concern

The draft HHRA work plan explains the rationale why PCBs were selected as the chemicals of
potential concern (COPCs), based on stipulated criteria. PCBs are the only COPCs in the sunken
vessel for the creation of artificial reef because they meet the five criteria outlined in Section
4.2.3 of the work plan. They are also regulated under Section 6 of the Toxic Substances Control
Act (TSCA) because of their persistence in the environment , bioaccumulation potential, and
toxicity to humans and ecological receptors. In other words, regulatory issues are based on the
physiochemical and toxicological concerns exhibited by these chemicals.

EPA health risk assessment guidance (EPA 1989a) allows the comparison between background
and potentially impacted media as an approach to identify COPCs. Site release history is also an
important yardstick to conclude whether a certain contaminant should be included as COPCs.
Pursuant to the above guidance and the decision flow for this project (Figure 4-1), the maximum
level of a PCB analyte detected in an edible fish species caught at the target reef was compared
to the 95% upper tolerance limit (UTL) for that species caught at the reference reef. The
objective was to determine whether there is a difference in PCB concentrations in fish between
the target and reference reefs. If there were a difference, PCBs would be selected as the COPC.

In response to EPA comments on the work plan (EPA 2001b and Versar 2002), the screening
process described above was not used to preclude assessing the health risk from the ingestion of
fish caught at the target reef. In other words, PCBs were still included as COPCs in the HHRA
without regard to whether the maximum PCB level detected in a fish species at the target reef
exceeded its respective UTL. Because PCBs could be released from sunken vessel with PCB-
containing products, PCBs were COPCs in fish at the target reef. EPA did acknowledge that,
where PCB levels were below their respective UTLs, the level of health concern should also be
low.
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5.2.3 Estimation of Exposure Point Concentrations

For the fish ingestion exposure pathway, the exposure point concentration (EPC) is defined as
the concentration of PCBs in the fish tissue (fillet) ingested. In this HHRA, the unit of measure
for the EPC is milligram of PCB analyte per kilogram of the ingested fish (mg/kg) on a wet
weight basis.

For quantitative risk evaluation, the EPC was based on total PCBs®. In addition, the EPCs for 13
dioxin-like PCB congeners were also compiled for quantitative assessment of uncertainty’. The
approach used to calculate EPCs for the deterministic risk evaluation was in accordance with
EPA (1992b), a method that entails statistical averaging of all sample data. EPCs were
developed for each species caught at the reference and target reefs. For samples where the
chemical is reported as nondetected, the chemical was assumed to be present at one-half of the
reporting limit or sample quantitation limit (SQL), in accordance with EPA (1989a). For PCBs
analyzed by Method 1668, the reporting limit is equal to the sample-specific (and analyte-
specific) detection limit, which in turn is calculated from the noise level present during analysis
of each sample. From this information, a 95-percent upper confidence limit (UCL) on the mean
was calculated for the PCB analytes. The concentration associated with the 95-percent UCL or
the maximum concentration detected, whichever is lower, was adopted as the reasonable
maximum exposure (RME) exposure point concentration. Use of the maximum detected
concentration, if less than the calculated RME concentration, is acceptable per EPA risk
assessment guidance (1989a). Where the data distribution of a particular PCB analyte was
determined to be lognormally distributed (Section 5.1.2), those fish data were first transformed
by taking the natural logarithm of each result. The mean and standard deviation of the log-
transformed data were calculated by standard statistical methods. The equation below was then
used to calculate the 95% UCL to represent the EPC under the high-end (RME) exposure
scenario:

UCL — e(x+0.532+sH /A/n—1)

where:

UCL = upper confidence limit

e = constant (base of the natural log, equal to 2.718)

X = mean of the log transformed data

] = standard deviation of the log transformed data

H = H statistic (e.g., from table published in Gilbert, 1987)
n = number of samples

The derivation of UCL for normally distributed PCB data was conducted in accordance with this
equation per EPA (1992b).

% Total PCB concentrations were reported by the analytical laboratory. In addition, risk and hazard associated with
each homologue group were summed to represent the total PCB risks and hazards.

7 Congener analyses were performed and reported because of the regulatory and health concerns associated with the
dioxin-like PCBs. A quantitative risk evaluation based on the relative carcinogenic potencies of these congeners to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and discussion of the risk findings are presented in the HHRA
discussion of risk assessment results and uncertainties.
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UCL = x+1t(s/~/n)
where:

UCL = upper confidence limit

X = arithmetic mean (mean of untransformed data)
] = standard deviation of the untransformed data

t = Student-t statistic (Gilbert 1987)

n = number of samples

The accuracy of the above statistical methods relies on the assumption that the data set being
analyzed is normally distributed (i.e., a normal or lognormal distribution). For sample data that
are not normally distributed, the use of the H or t-statistic to estimate the 95% UCL can result in
a 95% UCL value that is unrealistically large. Based on EPA guidance, a non-parametric
statistical method for calculating the 95% UCL may be more appropriate for chemicals
displaying a non-lognormal distribution (EPA, 1997b). Although a technical discussion of the
available non-parametric methods is beyond the scope of this document, these include several
bootstrap and jackknife methods. Depending on the nature/statistical distribution of the data, if
the H or t-statistic approaches were deemed to be inappropriate, a non-parametric method was
used to calculate exposure point concentrations.

Table 5-3 presents the exposure point concentrations to be used in the deterministic evaluation.
The RME exposure point concentration for an analyte was based on the lesser of the 95% UCL
or the maximum detected concentration. The average concentration of an analyte was used as
the exposure point concentration for the average exposure scenarios. Exposure point
concentrations for the probabilistic evaluation was based on the measured chemical distributions
from fish tissues, after applying a best-fit test to the data, or by assuming lognormal distribution
of the PCB data for a particular fish species or population for that reef.

5.2.4 Identification of Exposure Parameters and Assumptions

Exposure parameters and their input values for the deterministic risk assessment are presented in
this section. Appendix E presents the probabilistic density functions (PDFs) for individual
parameters used in the probabilistic risk assessment to assess uncertainty associated with the
deterministic risks and hazards.

The Guidelines for Exposure Assessment (57 FR 22888) recommend against the use of high-end
values for each exposure parameter because the compounding effect of multiple upperbound values
would place the estimated exposure in the realm of Theoretical Upper-bound Exposure (TUBE).
The guidelines suggest that high-end exposure should be over the 90th percentile of the total
exposure. In the Risk Assessment Guidance for Superfund (EPA 1989a), EPA recommends using
two to three exposure parameters that are high-end (one of which is the exposure point
concentration) and the remaining central tendency values to calculate the RME. As shown below,
the above approach was followed to estimate the lifetime average daily dose or intake for the risk
assessment. High-end exposure parameters used in the risk assessment include the adult fish
ingestion rate (i.e., use of the 95" percentile) and the child and adult exposure durations (i.e.,
assuming that people will eat fish from the ex-VERMILLION reef for thirty years).
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The key exposure parameters used to evaluate fish ingestion include the exposure frequency,
exposure duration, fish ingestion rate, and body weight. Specific exposure parameters used in the
risk assessment presented in this section have been derived from a number of sources, including
EPA guidances and the open scientific literature. The following describes the assumptions and
rationale used to evaluate potential exposure between child and adult anglers in the deterministic
and probabilistic risk assessments:

Fish ingestion rate for adults (IR,): The Exposure Factors Handbook (EPA, 1997a, Table 10-
52) provides a breakdown of marine finfish ingestion rates among anglers from different regions
of the United States. This information provides a useful means of evaluating region-specific
risks that could potentially be associated with placement of artificial reefs in different coastal
regions of the U.S. The values presented below are based on survey information specific to the
South Atlantic coastline (defined as North Carolina, South Carolina, Georgia and the Atlantic
coastline of Florida). The 95" percentile ingestion rate of 0.0159 kg/day was used in the
deterministic evaluation for RME exposure. The mean ingestion rate of 0.0047 kg/day was used
for average (CTE) exposure.

For the probabilistic risk assessment, the following information was used:
Mean: 0.0047 kg/day
95™ percentile: 0.0159 kg/day

Distribution: Lognormal

Fish ingestion rate for children (IR.): The fish ingestion rate for children is a scaling factor
multiplied by the adult fish ingestion rate for the locality of the reefs (IR.) being evaluated, i.e.,
South Atlantic Coastline. The rates are 0.0159 kg/day (95th percentile) and 0.0047 kg/day
(mean). For the probabilistic risk evaluation, the IR, term was based on the IR, distribution, but
incorporated the same scaling factor to account for the difference in child and adult fish ingestion
rates. IR, was defined using the following equation:

IRc = IRa *ﬁ
B

Where A and B represent the mean fish consumption rate for children and adults, respectively,
without the consideration of their geographic location. The rato of A/B is the scaling factor. The
Exposure Factors Handbook (EPA, 1997a, Table 10-61) provides a breakdown of recreation fish
consumption in grams per day. These are mean fish intakes for individuals who eat fish and
reside in households with recreational fish consumption. From the table, the age group of 1 to 5
years has a mean ingestion rate of 0.00563 kg/day. This value is used for A, the numerator of the
scaling factor. From the same table and category, the mean adult recreational fish ingestion rates
for five age groups are averaged (age groups 21 to 40, 40 to 60, 60 to 70, 71 to 80, and 80+) to
provide B, the demoninator. B has an average value of 0.0158 kg/day. The scaling factor is
calculated to be 0.356. Therefore, IR, for the RME deterministic risk assessment is 0.0159
kg/day * 0.356, that equals 0.00567 kg/day. The IR, for CTE deterministic risk assessment is
0.0047 kg/day * 0.356, that equals 0.00167 kg/day.
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For the probabilistic risk assessment, the randomly selected adult ingestion rates above were
adjusted by the scaling factor (A/B), i.e., 5.63/15.8 or 0.356, and the product of multiplication
was used as an input for the child ingestion rate parameter, IR,

Fraction of Fish Ingested (FI): The fish ingestion rates used above represent the total amount
of marine finfish that an angler is expected to eat. Because all of the fish that an angler eats is
not expected to come from a single source (e.g., solely from the target reef), an FI term has been
introduced into the risk equations to account for this fact. A 1992 study of private boat anglers
indicated that, of the total days spent fishing on artificial marine reefs, 3.7% of those days were
spent fishing on the ex-VERMILLION reef (Rhodes, R.J., M. Bell and D. Liao, 1994).
Communications with Bob Martore of SCDNR have indicated that a similar, unpublished study
conducted in 1999 showed that, of the total days spent fishing on artificial marine reefs, 1.4% of
those days were spent fishing on the ex-VERMILLION reef. The main reason for the drop in
fishing time spent on the ex-VERMILLION is believed to be due to the increased number of
reefs off the South Carolina coast when the later study was conducted. Although these studies
indicate a potentially lower fraction of fish taken from the ex-VERMILLION reef, in order to
insure a conservative estimation of risks, an FI factor of 0.1 (i.e., 10%) was used for the
deterministic evaluation. This implies that 10% (i.e., fish taken from the ex-VERMILLION reef
are eaten approximately 36 days each year) of the total marine finfish that an angler eats can be
expected to come from a particular source. Therefore 0.1 was assumed in the deterministic
HHRA (NEHC, July 2002). This assumed value was based on frequency (time spent) and not
on the actual intake or consumption of marine finfish of the ex-VERMILLION.

In May 2003, SCDNR conducted a fish consumption survey to determine the validity of the 0.1
value for the FI term specific for marine finfish consumption. The survey data was then used by
the Navy to derive the FI terms based on a statistical approach. Appendix J presents the
derivation of the FI term. This appendix, entitled “Revised Derivation of a Fraction Ingested
[FI] Term for Use in the REEFEX Risk Assessment, Based on Marine Angler Survey Data from
the ex-VERMILLION Reef, South Carolina” (NEHC, 2003c¢), contains the following addenda:

e “Derivation of a Marine Finfish-Specific Fraction Ingested (Flygr) Term for Use in the
REEFEX Human Health Risk Assessment” (NEHC, 2003d)_

e “Methods Used in Conducting a Fish Consumption Survey of South Carolina” [D. Hammond
et. al., August 19, 2003].

The survey and revised derivation of the FI term confirmed that the assumed FI value of 0.1 was
generally appropriate with minor modifications. Based on the review of Appendix J, EPA
recommended that, for the deterministic health risk assessment, 0.14 should be used for the
central tendency assessment and 0.11 for the RME assessment (Versar, October 7, 2003b).

Based on the location of the reef (>30 miles offshore) and the relatively sophisticated equipment
needed to reach it, the above FI term values are considered conservative estimates. However, it
should be noted that these FI term values are specific to the ex-VERMILLION, being based on
surveys from anglers who fish the ex-VERMILLION. The FI term may need to be modified if
future marine anglers also fish other sunken-vessel artificial reefs, since angler fishing frequency
can be influenced by a number of site-specific factors, such as accessibility, depth, productivity
of the reef, etc.
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For the probabilistic risk assessment, the potential range of FI values was represented by a
normal distribution with a mean of 0.075 and a standard deviation of 0.0084, which
mathematically represents a normal distribution of input values from 0.05 (5%) to 0.1 (10%)
with a mean simulated value of 0.075 (7.5%). This reflects the fact that 0.1 (10%) is considered
a conservative, upper-bound value.

Exposure frequency (EF): Exposure frequency refers to the number of days per year that an
individual is exposed to site contaminants. For media such as soil or water, the exposure
frequency would be equal to the number of days per year that an individual spends on-site. In
the case of fish consumption, the ingestion rates presented in the Exposure Factors Handbook
(EPA, 1997a) are daily rates averaged over 365 days per year. This does not imply that
consumers ingest fish on a daily basis. For both the deterministic and probabilistic evaluations,
exposure frequency was not treated as a random variable, and was set at 365 days per year, a
constant.

Exposure duration for children (ED¢): Exposure duration refers to the number of years in which
exposure occurs. It is assumed that the most exposed angler population consists of local
residents, and that the exposure duration for anglers reflects occupancy duration for residents.
For the deterministic evaluation (CTE and RME), the standard default exposure duration of 6
years was used, based on the assumption that the entire 0-6 year period is spent at a single
residence. Residency duration/distribution data for 0-6 year old children for use in probabilistic
risk assessment have not been developed for South Carolina, but have been developed for at least
one other state. Exposure duration values for a residential population, presented below, are
identified in the Ohio EPA guidance “Support Document for the Development of Generic
Numerical Standards and Risk Assessment Procedures” (OEPA, 1996). These values were used
to define a custom probability distribution, based on 1990 U.S. Census residency occupancy
period data for Ohio.

It should be noted that for evaluation of carcinogens, the total exposure duration incorporates
both child and adult exposure durations, assuming that ED. and ED, are not correlated values.
OEPA probabilistic risk guidance specifies that adult distributions should be assumed for
children, except that all probabilities above 6 years are truncated and added to the sixth year.
The custom distribution defined below includes a maximum of 6 years.

Years At One Residence Relative Probability
1 0.18
2t05 0.27
6 0.55

Exposure duration for adults (EDJ): As discussed for the child exposure duration, the adult
exposure duration for anglers is based on residential occupancy. For deterministic evaluation,
the standard default value of 24 years will be used for RME exposure. This value is based on the
90™ percentile value of 30 years for time spent at a single residence, assuming 24 years as an
adult and 6 years as a child. For estimates of average (CTE) exposure, an adult exposure duration
of 3 years was used based on the 50™ percentile value of 9 years for time spent at a single
residence, assuming 3 years as an adult and 6 years as a child. The exposure duration term as
presented in the Ohio EPA guidance “Support Document for the Development of Generic
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Numerical Standards and Risk Assessment Procedures” (OEPA, 1996) is defined by a custom
probability distribution, based on 1990 U.S. Census residency occupancy period data for Ohio.

Years At One Residence Relative Probability
1 0.18
2to5 0.27
6to 10 0.13
11to 20 0.20
21 to 30 0.11
31to 50 0.11

Body weight for a child (BWc): The body weight term for children to be used in the probabilistic
evaluation is that presented in Smith (1994, Use of Monte Carlo simulation for human exposure
assessment at a Superfund site, Risk Analysis 14:433-439). This term is defined as a truncated
normal distribution for an equal population of male and female children. The mean value of 15
kg was used in the deterministic evaluation.

Mean 15kg

Standard Deviation 1.95 kg

Minimum 3 kg (assumed value based on small infant)
Maximum 32 kg (based on the minimum adult value)

Body weight for an adult (BW.): The body weight term for adults used in the probabilistic
evaluation is that presented in Finley et al. (Finley, B., Proctor, D., Scotte, P., Harrington, N.,
Paustenbach, D., and Price, P., 1994, Recommended distributions for exposure factors frequently
used in health risk assessment. Risk Analysis, 14:533-553). This term is defined as a truncated
normal distribution for an equal population of men and women. The mean value of 71 kg was
used in the deterministic evaluation.

Mean 71 kg
Standard Deviation 159 kg
Minimum 32 kg
Maximum 115 kg

Averaging time for non-carcinogens (ATnc): The averaging time for non-carcinogens (both
deterministic and probabilistic) is a dependent term, defined as ED, x 365 days/year.

Averaging time for carcinogens (AT¢): The averaging time for carcinogens (both deterministic and
probabilistic) is a fixed term, defined as 25,550 days.
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5.3 TOXICITY ASSESSMENT

Toxicity values for total PCBs (reference doses [RfDs] and slope factors [SFs]) were used in the
HHRA for the assessment of noncarcinogenic and carcinogenic effects, respectively. These
values were obtained from EPA’s Integrated Risk Information System located at URL:

http://www.epa.gov/iriswebp/iris/index.html

The RfD is defined by EPA as an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily exposure to the human population (including sensitive subgroups) that is
likely to be without appreciable risk of deleterious [noncarcinogenic] effects (EPA 1992c).

Noncarcinogenic effects are adverse health effects other than cancer that can be systemic or
localized, and can be acute, (single or multiple exposure for periods up to two weeks),
subchronic (short-term, defined in humans as intervals between two weeks and seven years), or
chronic (long-term, seven years or more). The types of health effects can be different between
humans and tested species based on which toxicity information is developed. In humans,
chloracne (disfiguring skin lesions) is the primary noncancer effect from PCB exposure. Animal
studies provide the bulk of information concerning the noncarcinogenic effects of PCBs (EPA
1986). Acute effects caused by PCBs are elicited after high exposure (high dosing) for a short
period of time. They include death, dyspnea, diarrhea, depression, and salivation. Subchronic
effects caused by PCBs include suppressed weight gain, increase in enzyme level, anorexia,
kidney and liver enlargement, lymphocytopenia, increased thyroid activity, and many other
tissue effects. Chronic effects include reduced body weight, enlarged liver, increased serum
cholesterol, fatty liver degeneration, skin lesions, lost finger nails, reproductive failure, fetal
resorption and death, partial alopecia, and others. These studies provide information for the
development of the RfD for PCBs.

IRIS provides RfD for two total PCB mixtures, Aroclor 1254 and Aroclor 1016, but no RfDs for
individual congeners. It is noteworthy that these two RfDs are relatively similar to one another
(i.e., 2E-5 mg/kg-day for Aroclor 1254; 7E-5 mg/kg-day for Aroclor 1016). While it is unlikely
that weathered PCBs found on sunken ships consist of the same mixture and ratio of congeners
as either of these specific Aroclors, hazards can still be estimated using the more conservative of
these two values (2E-5 mg/kg-day) as long as it is recognized that this approach entails a
significant level of uncertainty. These uncertainties are discussed in the uncertainty analysis. (It
should be noted that the above RfDs are based on Aroclors, which are total PCBs which
quantitation represents as a mixture of PCBs with various degree of chlorination, i.e., 54% for
Aroclor 1254 and 16% for Aroclor 1016. There are proportionally higher chlorinated PCB
congeners in Aroclor 1254 than Aroclor 1016; yet both Aroclors have PCBs of various
chlorination. The hazard quotient is the total PCBs divided by the RfD of Aroclor 1254, which
is the same as the sum of hazard indices from each total PCB homologue (total monochlorinated
biphenyl/RfD + total dichlorinated biphenyl/RfD + total trichlorinated biphenyl/RfD, etc.)

The SF is an upperbound estimate of the incremental cancer risk for humans and is expressed as
the probability of risk per milligram (mg) of chemical exposed per kilogram (kg) body weight
per day for lifetime exposure. The SFs are derived mathematically by EPA using extrapolation
models with animal or human data, and the resulting SFs are highly conservative slopes or rate
constants that correspond to the 95th percentile confidence level to predict excess cancer
occurrence per life time given the daily exposure of one mg/kg-day. Carcinogenic effects are
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characterized by uncontrolled cellular growth or cell division in humans or animals. The
uncontrolled growth typically causes many side effects and weakening of the immune system,
resulting in complications and death. While there is no clear evidence that PCBs cause cancer in
humans, PCBs have been shown to cause various types of cancer in tested animals. Types of
tumors induced in animals include hepatocellular adenomas, carcinomas, cholangiomas, and
cholangiocarcinomas, a rare form of liver tumors. The incidence rate of cancer is represented by
the SF, i.e., incidence rate per unit exposure.

Carcinogens with EPA-derived slope factors are also given an EPA weight-of-evidence
classification whereby potential carcinogens are grouped according to the likelihood that the
chemical is a human carcinogen, depending on the quality and quantity of carcinogenic potency
data for a given chemical. PCB is classified as a B2 (probable human carcinogen) according to
IRIS. EPA defines B2 as carcinogens that have sufficient evidence in animals and inadequate or
no evidence in humans of carcinogenicity.

The scientific basis for justifying the use of TEQs for PCBs has been reviewed in the effort to re-
assess the dose-response relationship of PCBs (EPA 1996). A draft document describing the
science of cancer dose-response assessment and application for PCB mixtures was reviewed by an
external panel assembled by EPA in May 1996. The IRIS database has released the recently peer-
reviewed range of carcinogenic potency factors. The re-assessment has resulted in a range of
carcinogenic potency or slope factors (SFs) (from 0.4 to 2.0 [mg/kg-day]™) for all routes of
exposure, and the science policy recommending their use has also been issued by the EPA. In the
document, the agency indicates that the higher chlorinated congeners as major components of the
higher-percent Aroclors such as Aroclors 1260 and 1254 are of more concern among all PCBs
because of their persistence in the environment and evidence of producing dose-related
carcinogenicity. In accordance with the HHRA work plan, the following SFs were used for various
PCB homologue groups for estimating carcinogenic risks:

e Total PCBs (mono- and di-chlorobiphenyls): The SF for these homologues is 0.4 (mg/kg-
day)”; and

e Other total PCBs (tri- through deca-chlorobiphenyls): The SF for these homologues is 2.0
(mg/kg-day)”.

In addition to RfD and SF, the oral toxicity factor for assessing the combined carcinogenic and
non-carcinogenic effects of total PCBs was also used in the HHRA. The total toxicity factor,
which has a value of 4.0 (mg/kg-day)'was obtained from PCB Risk Assessment Review Guidance
Document (EPA 2000).

For assessing uncertainty associated with the RME deterministic risk, the carcinogenic effects of
13 dioxin-like PCB congeners were evaluated according to the World Health Organization's
(WHO) toxicity equivalency quotients (TEQs) relative to 2,3,7,8-tetrachloro-dibenzo-p-dioxin
(TCDD). These TEQs are provided in Table 6 of EPA (2000) and the source of these values is
Ahlborg et al. (1994). Multiplying the TEQ with the SF for TCDD (1.5 x 10° [mg/kg-day]™)
provides the surrogate toxicity value for assessing carcinogenic risks from dioxin-like PCBs.
Considerable uncertainties are inherent in the use of the TEQ approach because there is a lack of, or
very limited, carcinogenicity data or chronic bioassays to establish the PCB-TEQ relationship with
TCDD. Details are as follow:
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e Non-Ortho Congeners: TEQ SF
3,4,3' 4'-Tetrachlorobiphenyl (Congener No. 77) 0.0005 75
3.4,5,3',4'-Pentachlorobiphenyl (Congener No. 126) 0.1 15,000
3,4,5,3' 4" 5'-Hexachlorobiphenyl (Congener No. 169) 0.01 1,500

e Mono-Ortho Congeners:
2,3,4,3' 4'-Pentachlorobiphenyl (Congener No. 105) 0.0001 15
2,3,4,5,4'-Pentachlorobiphenyl (Congener No. 114) 0.0005 75
2,4,5,3' 4'-Pentachlorobiphenyl (Congener No. 118) 0.0001 15
3,4,5,2' 4'-Pentachlorobiphenyl (Congener No. 123) 0.0001 15
2,3,4,5,3' 4'-Hexachlorobiphenyl (Congener No. 156) 0.0005 75
2,3,4,3'4",5'-Hexachlorobiphenyl (Congener No. 157) 0.0005 75
2,4,5,3',4',5'-Hexachlorobiphenyl (Congener No. 167) 0.00001 1.5
2,3,4,5,3',4",5'-Heptachlorobiphenyl (Congener No. 189) 0.0001 15

e Di-Ortho Congeners:
2,3,4,5,2',3' 4'-Heptachlorobiphenyl (Congener No. 170) 0.0001 15
2,3,4,5,2'4',5'-Heptachlorobiphenyl (Congener No. 180) 0.00001 1.5

It should be noted that these EPA toxicity values were generally derived from conservative
criteria, which undoubtedly contribute to an overestimation of potential hazard and risk. Current
EPA policy states “EPA will not at this time accept probabilistic analyses that model toxicity
values as distributions” (EPA, 1998, Supplemental guidance to RAGS: The use of probabilistic
Analysis in Risk Assessment, Part E). As such, the toxicity values used in both the deterministic
and the probabilistic risk evaluations treat the reference doses and slope factors as fixed terms.

5.4 RISK CHARACTERIZATION FINDINGS AND UNCERTAINTY DISCUSSION

This section presents risk and hazard estimates calculated in accordance with the risk assessment
approach described in the previous sections and the draft HHRA work plan. Risks and hazards
were calculated deterministically and probabilistically for three finfish species (White Grunt,
Black Sea Bass and Vermilion Snapper) at both the target (sunken vessel) and reference reefs.
As stated before, the RME hazards and risks estimated deterministically are supplemented by the
other risk descriptors so that the uncertainties associated with risks and hazards can be better
understood. For each finfish species, 16 risk descriptors are presented in this section. All of
which should be considered in making risk management decisions. These risk descriptors are
summarized below.

Three descriptors (RME risk, RME hazard, and RME combined risk/hazard for total PCBs) were
used as the primary input to assess site risk associated with the fish ingestion exposure pathway
from recreational fishing.

e RME Risk - Total PCB/IRIS Slope Factors
e RME Hazard - Total PCB/IRIS RfD
e RME Risk/Hazard - Total PCB/OPPT Total Toxicity Factor

Thirteen risk descriptions were used to assess uncertainties associated with the RME risk and
hazard. These descriptors include:
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e RME Risk - 13 Dioxin-like Congeners/WHO Relative Potency Factors

e RME Hazard - 13 Dioxin-like Congeners/IRIS RfD for Aroclor-1254

e Average Risk - Total PCB/IRIS Slope Factors

e Average Hazard - Total PCB/IRIS RfD

e Average Risk/Hazard - Total PCB/OPPT Total Toxicity Factor

e Average Risk - 13 Dioxin-like Congeners/Relative Potency Factors

e Average Hazard - 13 Dioxin-like Congeners/IRIS RfD for Aroclor-1254

e Probabilistic Risk - Total PCB/IRIS Slope Factors; 95% percentile of the risk distribution
e Probabilistic Risk - Total PCB/IRIS Slope Factors; 50% percentile of the risk distribution
e Probabilistic Hazard - Total PCB/IRIS RfD; 95% percentile of the risk distribution

e Probabilistic Hazard - Total PCB/IRIS RfD; 50% percentile of the risk distribution

e Probabilistic Risk&Hazard - Total PCB/OPPT Total Toxicity Factor; 95% percentile of the
risk distribution

e Probabilistic Risk&Hazard - Total PCB/OPPT Total Toxicity Factor; 50% percentile of the
risk distribution

Table 1-1 presents a summary for all risk descriptors.

5.4.1 Carcinogenic Risk Under Reasonable Maximum Exposure Scenario

Carcinogenic risks from the fish ingestion exposure pathway, under the RME recreation fishing
exposure scenario, were assessed for total PCBs using slope factors identified in IRIS and the
total toxicity factor provided by the Office of Pollution Prevention and Toxic Substances
(OPPT). The conclusions are:

e Risks were acceptable (within or lower than the typical EPA acceptable risk range of 10 to
10 for the ingestion of White Grunt, Black Sea Bass and Vermilion Snapper from both
reef types (target and reference reefs);

e Risk from ingesting White Grunt from the target reef is more than two orders of magnitude
(100 times) higher than that from the ingestion of White Grunt from the reference reef;

e Risk from ingesting Black Sea Bass from the target reef is comparable to, albeit slightly
higher (five times higher) than that from the ingestion of Black Sea Bass from the reference
reef; and

e Risk from ingesting Vermilion Snapper from the target reef is comparable to, albeit slightly
higher (two times higher) than that from the ingestion of Vermilion Snapper from the
reference reef.

To assess uncertainty associated with the above, carcinogenic risks from the fish ingestion
exposure pathway (under the RME recreation fishing exposure scenario) were assessed for the
13 dioxin-like congeners using TEQs (provided by EPA [1996]) and the TCDD slope factor
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(from IRIS). Conclusions, similar to those for the total PCB RME risks presented above, were
found:

e Risks were acceptable (within or lower than the typical EPA acceptable risk range of 10 to
107 for the ingestion of White Grunt, Black Sea Bass and Vermilion Snapper from both reef
types (target and reference reefs);

e Risk from ingesting White Grunt, evaluated using the TEQ method, was comparable to,
albeit slightly higher, than the risk estimated using the total PCB and OPPT total toxicity
factor method;

e Risk from ingesting Black Sea Bass, evaluated using the TEQ method, was comparable to,
albeit slightly higher, than the risk estimated using the total PCB and OPPT total toxicity
factor method; and

e Risk from ingesting Vermilion Snapper, evaluated using the TEQ method, was comparable
to, albeit slightly higher, than the risk estimated using the total PCB and OPPT total toxicity
factor method.

5.4.2 Carcinogenic Risk Under Average Exposure Scenario

Carcinogenic risks from the fish ingestion exposure pathway, under the average recreation
fishing exposure scenario, were assessed for total PCBs using slope factors identified in IRIS and
the total toxicity factor provided by the Office of Pollution Prevention and Toxic Substances
(OPPT). The conclusions are:

e Risks were acceptable (within or lower than the typical EPA acceptable risk range of 10 to
107) for ingesting White Grunt, Black Sea Bass and Vermilion Snapper from either reef;

e Risks from ingesting White Grunt from the reference reef and from ingesting Black Sea Bass
and Vermilion Snapper from either reef were at or lower than the low-end of the risk range;

e Risks from ingesting White Grunt from the target reef were below 2 x 10%; and

e The risk calculated using the OPPT total toxicity factor was slightly higher than that
calculated using the IRIS slope factors. Both risks were acceptable.

To assess uncertainty associated with the above, carcinogenic risks from the fish ingestion
exposure pathway (under the average recreation fishing exposure scenario) were assessed for the
13 dioxin-like congeners using TEQs and the TCDD slope factor from IRIS. Conclusions,
similar to those for the total PCB average risks presented above, were found:

e Risks were acceptable (within or lower than the typical EPA acceptable risk range of 10 to
10™) for ingesting White Grunt, Black Sea Bass and Vermilion Snapper from either reef;

e Risks from ingesting White Grunt from the reference reef and from ingesting Black Sea
Bass and Vermilion Snapper from either reef were lower than the low-end of the risk range;
and

e Risk from ingesting White Grunt from the target reef were approximately 2 x 10,
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5.4.3 Non-Carcinogenic Hazard Under Reasonable Maximum Exposure Scenario

Non-carcinogenic hazards from the fish ingestion exposure pathway, under the RME recreation
fishing exposure scenario, were assessed for total PCBs using a conservative reference dose
provided in IRIS. The conclusions are quite similar to those presented for carcinogenic risks for
total PCBs in Section 5.4.1. They are:

e Hazards were acceptable for the ingestion of White Grunt, Black Sea Bass and Vermilion
Snapper from both reef types (target and reference reefs);

e Hazard from ingesting White Grunt from the target reef, while acceptable, is more than two
orders of magnitude higher than that from the ingestion of White Grunt from the reference
reef;

e Hazard from ingesting Black Sea Bass from the target reef is comparable to, albeit slightly
higher (five times higher) than that from the ingestion of Black Sea Bass from the reference
reef. Both hazard indices were acceptable; and

e Hazard from ingesting Vermilion Snapper from the target reef is comparable to, albeit
slightly higher (two times higher) than that from the ingestion of Vermilion Snapper from the
reference reef. Both hazard indices were acceptable.

To assess uncertainty associated with the above, non-carcinogenic hazards from the fish
ingestion exposure pathway (under the RME recreation fishing exposure scenario) were assessed
for the 13 dioxin-like congeners using the same conservative reference dose as that used for the
assessment of hazard for total PCBs. The conclusions are:

e Hazards were acceptable for the ingestion of White Grunt, Black Sea Bass and Vermilion
Snapper from both reefs;

e Hazard from ingesting White Grunt from the target reef, while acceptable, is more than two
orders of magnitude higher than that from the ingestion of White Grunt from the reference
reef;

e Hazards from the 13-dioxin like PCBs were over 6 times lower, than hazards estimated for
the total PCBs;

e Hazard from ingesting Black Sea Bass from the target reef is comparable to, albeit slightly
higher (five times higher) than that from the ingestion of Black Sea Bass from the reference
reef; and

e Hazard from ingesting Vermilion Snapper from the target reef is comparable to, albeit
slightly higher (two times higher) than that from the ingestion of Vermilion Snapper from the
reference reef.

5.4.4 Non-Carcinogenic Hazard Under Average Exposure Scenario

Non-carcinogenic hazards from the fish ingestion exposure pathway, under the average
recreation fishing exposure scenario, were assessed for total PCBs using a conservative reference
dose provided in IRIS. The conclusions are:

e Hazards were acceptable for the ingestion of White Grunt, Black Sea Bass and Vermilion
Snapper from both reef types (target and reference reefs);
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Hazard from ingesting White Grunt from the target reef, while acceptable, is more than two
orders of magnitude higher than that from the ingestion of White Grunt from the reference
reef;

Hazard from ingesting Black Sea Bass from the target reef is comparable to, albeit slightly
higher (five times higher) than that from the ingestion of Black Sea Bass from the reference
reef; and

Hazard from ingesting Vermilion Snapper from the target reef is comparable to, albeit
slightly higher (two times higher) than that from the ingestion of Vermilion Snapper from the
reference reef.

To assess uncertainty associated with the above, non-carcinogenic hazards from the fish
ingestion exposure pathway (under the average recreation fishing exposure scenario) were
assessed for the 13 dioxin-like congeners using the same conservative reference dose as that was
used for the assessment of hazard for total PCBs. The conclusions are:

There was no unacceptable hazard, above the point of departure of unity (1), associated with
the ingestion of White Grunt, Black Sea Bass and Vermilion Snapper from the target and
reference reefs;

Hazard from ingesting White Grunt from the target reef, while acceptable, is approximately
two orders of magnitude higher than that from the ingestion of White Grunt from the
reference reef;

Hazards from the 13-dioxin like PCBs were over 6 times lower, than hazards estimated for
the total PCBs;

Hazard from ingesting Black Sea Bass from the target reef is comparable to, albeit slightly
higher (six times higher) than that from the ingestion of Black Sea Bass from the reference
reef; and

Hazard from ingesting Vermilion Snapper from the target reef is comparable to, albeit
slightly higher (two times higher) than that from the ingestion of Vermilion Snapper from the
reference reef.

5.4.5 Probabilistic Risk and Hazard

Probabilistic risks and hazards were characterized in accordance with input data and their
associated distribution described in Section 5.24 and the draft HHRA work plan. The
conclusions are as follow:

None of the probabilistic risks for total PCBs associated with ingesting White Grunt, Black
Sea Bass and Vermilion snapper, based on the IRIS slope factors or the OPPT total toxicity
factor, at the 95% risk distribution level exceeded the EPA acceptable risk range;

None of the probabilistic hazards for total PCBs associated with ingesting White Grunt,
Black Sea Bass and Vermilion snapper, based on the IRIS RfDs, at the 95% risk distribution
level exceeded the EPA acceptable hazard index of unity (1.0);
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5.4.6 Conclusions, Uncertainties, and Recommendations

Risks and hazards were acceptable for the ingestion of White Grunt, Black Sea Bass and
Vermilion Snapper from both reef types (reference and target reef). The following discussion
highlights the results of the RME deterministic risk evaluation and the 95™ percentile risks from
the probabilistic distributions.

The carcinogenic risks were 1 x 107 (estimated deterministically) and 5 x 10 (estimated
probabilistically) for the long-term ingestion of White Grunt from the reference reef. These risks
were below the EPA’s acceptable risk range of 1 x 10°to 1 x 10™. The non-carcinogenic
hazards were 0.01 (estimated deterministically) and 0.006 (estimated probabilistically) for the
ingestion of White Grunt from the reference reef. These hazards were acceptable because they
were below the hazard index of unity (1).

The carcinogenic risks were 1 x 107 (estimated deterministically) and 3 x 10 (estimated
probabilistically) for the long-term ingestion of White Grunt from the target reef. These risks
were within the EPA’s acceptable risk range of 1 x 10°to 1 x 10™. The non-carcinogenic
hazards were 0.9 (estimated deterministically) and 0.47 (estimated probabilistically) for the long-
term ingestion of White Grunt from the target reef. These hazards were acceptable because they
were below the hazard index of unity (1).

The carcinogenic risks were 2 x 107 (estimated deterministically) and 6 x 10 (estimated
probabilistically) for the long-term ingestion of Black Sea Bass from the reference reef. These
risks were below the EPA’s acceptable risk range of 1 x 10°to 1 x 10™. The non-carcinogenic
hazards were 0.02 (estimated deterministically) and 0.008 (estimated probabilistically) for the
ingestion of Black Sea Bass from the reference reef. These hazards were acceptable because
they were below the hazard index of unity (1).

The carcinogenic risks were 1 x 10 (estimated deterministically) and 4 x 107 (estimated
probabilistically) for the long-term ingestion of Black Sea Bass from the target reef. These risks
were within or below the EPA’s acceptable risk range of 1 x 10°to 1 x 10™. The non-
carcinogenic hazards were 0.1 (estimated deterministically) and 0.05 (estimated
probabilistically) for the long-term ingestion of Black Sea Bass from the target reef. These
hazards were acceptable because they were below the hazard index of unity (1).

The carcinogenic risks were 2 x 107 (estimated deterministically) and 6 x 10 (estimated
probabilistically) for the long-term ingestion of Vermilion Snapper from the reference reef.
These risks were below the EPA’s acceptable risk range of 1 x 10°to 1 x 10, The non-
carcinogenic hazards were 0.02 (estimated deterministically) and 0.008 (estimated
probabilistically) for the ingestion of Vermilion Snapper from the reference reef. These hazards
were acceptable because they were below the hazard index of unity (1).

The carcinogenic risks were 4 x 107 (estimated deterministically) and 2 x 107 (estimated
probabilistically) for the long-term ingestion of Vermilion Snapper from the target reef. These
risks are below the EPA’s acceptable risk range of 1 x 10°to 1 x 10™. The non-carcinogenic
hazards were 0.04 (estimated deterministically) and 0.02 (estimated probabilistically) for the
long-term ingestion of Vermilion Snapper from the target reef. These hazards were acceptable
because they were below the hazard index of unity (1). The uncertainties associated with the risk
assessment are identified below:

URS 5-20



SECTIONFIVE Human Health Risk Assessment

e Chemical Data. Data validation indicated that the data are considered of sufficient quality, as
qualified during validation, for use in risk assessment. The sample populations from the
combined sampling and analysis rounds (at least 20 samples of each species collected over
each reef with 11 samples of Black Sea Bass collected over the target reef) were considered
adequately representative of the background (reference) and target (site) conditions. The
supplemental analysis round confirmed the supposition that the lipid and PCB concentration
distributions observed in the first round of analyses were not an artifact of the analytical or
preparative procedures.

e Exposure Assessment. The RME risks and hazards, calculated using the respective IRIS
slope factor and reference dose, represent the high-end potential for the occurrence of cancer
and non-cancer effects. They were based on high-end exposure point concentrations of PCBs
in fish, and a number of exposure parameters, such as exposure duration and fish ingestion
rate. It should be noted that the average risks and exposures based on central tendency
values for the exposure parameters were many times lower. Another area of uncertainty is
the FI term that represents the fraction of marine finfish intake that may potentially be
contaminated with PCBs from the artificial reef. In assessing exposure in this HHRA, the FI
value of 0.1 was assumed in the draft HHRA (NEHC 2002). In this final HHRA, in addition
to 0.1, the values of 0.11 (RME) and 0.14 (CTE) were also used to characterize risks and
hazards (NEHC 2003c and 2003d). Despite this approach to evaluate uncertainty, it should
be noted that the FI term values were specific to the ex-VERMILLION reef. These values
may not be applicable in exposure scenarios where the exposed population (marine anglers)
also fish and ingest finfish from other artificial reefs that could contain residual PCBs.

e Toxicity Assessment. To be conservative, the lower of two reference doses (Aroclor 1016
and Aroclor 1254) available on IRIS was used in the HHRA. This RfD was applicable to
Arochlor 1254. IRIS indicates that the uncertainty factor for this RfD is 300, and the level of
confidence is medium. The use of this conservative RfD had resulted in higher hazards than
those hazards derived with the higher (less conservative) RfD. Weathering of PCBs in the
marine environment is expected, resulting in the PCB composition in the fish tissue being
different from the fresh PCB used in the toxicity testing. Further, the total PCBs in fish were
accurately measured, which were based on the sum of ten PCB homologue groups. The
potential non-carcinogenic hazard from each homologue group, e.g., total trichlorobiphenyls,
was assumed to be equivalent to the fresh PCB mixture (Aroclor 1254). While the use of the
RfD for PCB 1254 may not reflect the actual mixture that was present, it should provide a
conservative estimate of hazard, since it is the lower of the two available reference doses.
Finally, the RfD has a built-in uncertainty factor of 300, which provides additional
conservatism to the toxicity value.

Similarly, for the carcinogenic slope factor, the value was also conservatively derived based
on the 95% confidence level. PCB is classified as a B2 carcinogen that is based on limited
human data and sufficient animal data. In other word, the human health carcinogenic
concern is tentative. Concerning the use of TEQ and OPPT total toxicity factor in the
HHRA, it can only be said that these approach or value has not gone through the formal EPA
review process and published on IRIS. Use of toxicity values that have not undergone the
same level of scrutiny and approval as the values presented in IRIS adds an additional degree
of uncertainty to the conclusions.
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o Risk Characterization. The risk characterization methodology followed was in accordance
with EPA guidance (EPA 1989a and 1995a). This risk characterization method is widely
accepted by the risk assessment community and the EPA program offices. The method is
simple to use; however, it can be highly conservative, if the RME approach is followed.
Therefore, EPA encourages the development of additional risk characterization results or risk
descriptors that include the presentations of average and probabilistic risk and hazard (EPA
1992a). These descriptors were presented in this report. Nonetheless, the risk
characterization methodology also has its limitations, which is expected for any simple
model to predict risk outcomes from exposure input. These limitations and assumptions
include: (1) that the dose response remains linear at chronic low dose exposure, and
therefore, the adverse effect or incidence of tumor is directly proportional to the average
daily intake over a lifetime, (2) that any exposure will cause an effect regardless of dose, (3)
that pharmacokinetic effects are not considered (effects such as body burden, metabolism,
and excretion could impact the toxic effect of PCBs on humans), (4) that antagonistic and
potentiation by the presence of other chemicals or dietary intake on the toxic effects of PCBs
does not occur, and (5) that genetic predisposition to the toxic effects of PCBs is not a
consideration for the exposed population. Finally, it should be noted that total PCBs were
quantified based on homologue analyses, and not based on Aroclor. The toxicity values
provided in IRIS were based on Aroclor (fresh). While quantitation of total PCBs in this
study is more accurate and accounts for all PCBs, the quantitation is expected to be more
conservative than quantitation based on Aroclors.

The uncertainty of the FI term is acknowledged and documented in NEHC 2003c¢ and 2003d,
and the risks and hazards associated with the uncertainty are also characterized and
summarized in Tables 5-4 through 5-9. Based on these results, it can be concluded that the
impact is relatively small for using an FI Term of 0.1 for both the RME and CTE evaluations
(NEHC 2002) vs. the values of 0.14 for CTE and 0.11 for RME in this final HHRA. The
angler survey data (Hammond et. al. 2003) support the FI Term of 0.1 used in the draft
HHRA; minor difference between the various values (i.e., those recommended by EPA)
would not have any significant impact on the conclusions of the HHRA. That is, within the
limitations and uncertainties of the FI term, the HHRA would demonstrate no unacceptable
risk or hazard. Overall, the risk characterization results based on this study are likely to be
more conservative.

In conclusion, the chemical data showed that the PCBs in fish caught at the target reef were
higher than the reference reef, particularly for the White Grunt. However, none of the RME and
average risks and hazards, estimated deterministically or probabilistically, show exceedances for
the ingestion of the White Grunt, Black Sea Bass or Vermilion Snapper caught at the reference
and target reefs. Although PCBs aboard the ex-VERMILLION may be contributing to elevated
PCB levels in fish at the target reef, PCB contamination at the reef is unlikely to pose a
significant health risk to the sports fisherman from ingestion of the predominant sports fish
species (White Grunt, Black Sea Bass or Vermilion Snapper) found at the target reef.

As identified in section 3.1, one of the primary goals of the risk assessment was to answer the
following two risk management questions:

o [s it likely that the sinking of former Navy vessels containing PCB-containing materials will
pose an unacceptable risk to human health or the environment?
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o  How much PCB residue can remain on former Navy vessels used for building artificial reefs
without resulting in an unacceptable risk?

Based on the results of the Human Health and Ecological Risk Assessments for the ex-
VERMILLION, it is unlikely that the sinking of other former Navy vessels containing PCB-
containing materials to create artificial reef environments will pose an unacceptable risk as long
as the following two conditions are true:

1) The ship is mitigated (removal of PCB-containing materials) to the same degree or more
compared to the target reef (ex-VERMILLION) and,

2) The exposure scenario is similar to that found at the target reef (the ex-VERMILLION)).

The question of how much PCB residue can safely remain onboard former Navy vessels used for
artificial reef construction can be addressed by the Prospective Risk Assessment Model (PRAM)
that is currently under development.

Based on the outcome of this human health risk assessment and the finding that the ecological
risk assessment does not show an unacceptable risk for the ex-VERMILLION, the EPA/Navy
have several options for risk management in the future construction of artificial reefs from ex-
Navy vessels:

e EPA could allow States to use sunken Navy vessels for creating artificial reefs based on this
report and the results of the ecological risk assessment.

e EPA could allow States to use sunken Navy vessels for creating artificial reefs based on this
report and the results of the ecological risk assessment along with future results of the
Prospective Risk Assessment Model.

e A test vessel with known PCB loading may be sunk and monitored for the release of PCBs
from that ship for some defined time period.
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Figure 5-1
SITE CONCEPTUAL EXPOSURE MODEL
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(1) Benthic invertebrates are infaunal organisms such as amphipod.

(2) Includes but Is not limited to filter-feeding invertebrates, such as mollusks (clams and
as non-fitter-feeding Invertebrates such as hydroids, anemones, crustaceans (lobste

and mollusks (octopl and squids).
(3) Encrusting organisms attached ta the ship's surface including but not imited to mollusks (clams and aysters), tunicates, sponges, tube worms, hydroids, sea fans (gorgonians),
non-filter-feeding Invertebrates such as anemones and sea urchins.

oysters), tunicates, spanges, annelids (tube worms and free-livin
r), echinoderms (brittie stars, sea urchins, and sea cucumbers),
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(S) Black Sea Bass and Grouper may eat a variety of organisms including crustaceans, echinoderms, squids, octopl, worms, and fish that live in or near the bottom mud and clay substrates,
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Figure 5-2
Risk Evaluation for Consumption of White Grunt
Probabilistic Cancer Risk of Total PCBs
Navy REEFEX Program

White Grunt - Reference Reef: (95th percentile: 4.63x10®, 50" percentile: 8.17x10‘9)

Forecast: WG Reference Group
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Figure 5-3

Risk Evaluation for Consumption of White Grunt

Probabilistic Hazard of Total PCBs
Navy REEFEX Program

White Grunt - Reference Reef: (95" percentile: 0.006, 50" percentile: 0.001)
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Figure 5-4
Risk Evaluation for Consumption of Vermilion Snapper
Probabilistic Cancer Risk of Total PCBs
Navy REEFEX Program

Vermilion Snapper - Reference Reef: (95th percentile: 6.43x10%, 50" percentile: 2.12x10'8)

Forecast: VS Reference Group
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Figure 5-5
Risk Evaluation for Consumption of Vermilion Snapper
Probabilistic Hazard of Total PCBs
Navy REEFEX Program

Vermilion Snapper - Reference Reef: (95" percentile: 0.008, 50" percentile: 0.003)

Forecast: VS Reference Group
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Figure 5-6
Risk Evaluation for Consumption of Black Sea Bass
Probabilistic Cancer Risk of Total PCBs
Navy REEFEX Program

Black Sea Bass - Reference Reef: (95" percentile: 6.30x10%, 50" percentile: 1.55x10°®)

Forecast: SB Reference Group
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Figure 5-7
Risk Evaluation for Consumption of Black Sea Bass
Probabilistic Hazard of Total PCBs
Navy REEFEX Program

Black Sea Bass - Reference Reef: (95th percentile: 0.008, 50" percentile: 0.002)

Forecast: SB Reference Group
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Figure 5-8
Risk Evaluation for Consumption of White Grunt
Combined Probabilistic Risk and Hazard of Total PCBs
Navy REEFEX Program

White Grunt - Reference Reef: (95th percentile: 9.79x10°8, 50™ percentile: 1.65x10‘8)

Forecast: WG Reference Group
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Figure 5-9

Risk Evaluation for Consumption of Vermilion Snapper

Combined Probabilistic Risk and Hazard of Total PCBs
Navy REEFEX Program
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Figure 5-10
Risk Evaluation for Consumption of Black Sea Bass
Combined Probabilistic Risk and Hazard of Total PCBs
Navy REEFEX Program

Black Sea Bass - Reference Reef: (95" percentile: 1.21x107, 50" percentile: 3.11x10°®)

Forecast: SB Reference Group
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Table 1-1

Summary of Deterministic and Probabilistic Risks and Hazards Based on the Fl Term of 0.1
(Used for both RME and CTE [July 02 Draft HRA]) -
Consumption of Fish Caught at Reference and Target Reefs

White Grunt Reference Reef Targ_;et Reef
RME Risk - Total PCB/IRIS Slope Factors 1E-07 1E-05
RME Hazard - Total PCB/IRIS RfD 0.01 0.9
RME Risk/Hazard - Total PCB/Total Toxicity Factor 3E-07 2E-05
RME Risk - 13 Dioxin-like Congeners/WHO Relative Potency Factors 6E-07 2E-05
RME Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.003 0.2
Average Risk - Total PCB/IRIS Slope Factors 1E-08 8E-07
Average Hazard - Total PCB/IRIS RfD 0.002 0.2
Average Risk/Hazard - Total PCB/Total Toxicity Factor 2E-08 2E-06
Average Risk - 13 Dioxin-like Congeners/Relative Potency Factors 4E-08 2E-06
Average Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.0006 0.04
Probabilistic Risk - Total PCB/IRIS Slope Factors; 95% Confidence Interval 5E-08 3E-06
Probabilistic Risk - Total PCB/IRIS Slope Factors; 50% Confidence Interval 8E-09 7E-07
Probabilistic Hazard - Total PCB/IRIS Slope Factors; 95% Confidence Interval 0.006 0.47
Probabilistic Hazard - Total PCB/IRIS Slope Factors; 50% Confidence Interval 0.001 0.12
Probabilistic Risk & Hazard - Total PCB/Total Toxicity Factor; 95% Confidence Interval 1E-07 7E-06
Probabilistic Risk & Hazard - Total PCB/Total Toxicity Factor; 50% Confidence Interval 2E-08 2E-06
Vermilion Snapper

RME Risk - Total PCB/IRIS Slope Factors 2E-07 4E-07
RME Hazard - Total PCB/IRIS RfD 0.02 0.04
RME Risk/Hazard - Total PCB/Total Toxicity Factor 4E-07 8E-07
RME Risk - 13 Dioxin-like Congeners/WHO Relative Potency Factors 8E-07 1E-06
RME Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.003 0.007
Average Risk - Total PCB/IRIS Slope Factors 2E-08 4E-08
Average Hazard - Total PCB/IRIS RfD 0.004 0.008
Average Risk/Hazard - Total PCB/Total Toxicity Factor 3E-08 7E-08
Average Risk - 13 Dioxin-like Congeners/Relative Potency Factors 8E-08 1E-07
Average Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.0007 0.001
Probabilistic Risk - Total PCB/IRIS Slope Factors; 95% Confidence Interval 6E-08 2E-07
Probabilistic Risk - Total PCB/IRIS Slope Factors; 50% Confidence Interval 2E-08 4E-08
Probabilistic Hazard - Total PCB/IRIS Slope Factors; 95% Confidence Interval 0.008 0.02
Probabilistic Hazard - Total PCB/IRIS Slope Factors; 50% Confidence Interval 0.003 0.007
Probabilistic Risk & Hazard - Total PCB/Total Toxicity Factor; 95% Confidence Interval 1E-07 3E-07
Probabilistic Risk & Hazard - Total PCB/Total Toxicity Factor; 50% Confidence Interval 4E-08 8E-08
Black Sea Bass

RME Risk - Total PCB/IRIS Slope Factors 2E-07 1E-06
RME Hazard - Total PCB/IRIS RfD 0.02 0.1
RME Risk/Hazard - Total PCB/Total Toxicity Factor 4E-07 2E-06
RME Risk - 13 Dioxin-like Congeners/WHO Relative Potency Factors 7E-07 4E-06
RME Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.003 0.02
Average Risk - Total PCB/IRIS Slope Factors 1E-08 1E-07
Average Hazard - Total PCB/IRIS RfD 0.003 0.02
Average Risk/Hazard - Total PCB/Total Toxicity Factor 3E-08 2E-07
Average Risk - 13 Dioxin-like Congeners/Relative Potency Factors 6E-08 3E-07
Average Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.0006 0.004
Probabilistic Risk - Total PCB/IRIS Slope Factors; 95% Confidence Interval 6E-08 4E-07
Probabilistic Risk - Total PCB/IRIS Slope Factors; 50% Confidence Interval 2E-08 1E-07
Probabilistic Hazard - Total PCB/IRIS Slope Factors; 95% Confidence Interval 0.008 0.05
Probabilistic Hazard - Total PCB/IRIS Slope Factors; 50% Confidence Interval 0.002 0.02
Probabilistic Risk & Hazard - Total PCB/Total Toxicity Factor; 95% Confidence Interval 1E-07 8E-07
Probabilistic Risk & Hazard - Total PCB/Total Toxicity Factor; 50% Confidence Interval 3E-08 2E-07
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Table 1-2

Summary of Deterministic Risks and Hazards
Based on the Fl Term of 0.11(RME) and 0.14 (CTE) as Recommended by EPA (Versar 2003b) -
Consumption of Fish Caught at Reference and Target Reefs

Fl =
FI = 0.11(RME), 0.11(RME),
FI=0.1 0.14 (CTE) FI=0.1 0.14 (CTE)
White Grunt Reference Reef  Reference Reef Target Reef Target Reef
RME Risk - Total PCB/IRIS Slope Factors 1E-07 2E-07 1E-05 1E-05
RME Hazard - Total PCB/IRIS RfD 0.01 0.01 0.9 1
RME Risk/Hazard - Total PCB/Total Toxicity Factor 3E-07 3E-07 2E-05 2E-05
RME Risk - 13 Dioxin-like Congeners/WHO Relative Potency Factors 6E-07 7E-07 2E-05 2E-05
RME Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.003 0.003 0.2 0.2
Average Risk - Total PCB/IRIS Slope Factors 1E-08 1E-08 8E-07 1E-06
Average Hazard - Total PCB/IRIS RfD 0.002 0.003 0.2 0.3
Average Risk/Hazard - Total PCB/Total Toxicity Factor 2E-08 3E-08 2E-06 2E-06
Average Risk - 13 Dioxin-like Congeners/Relative Potency Factors 4E-08 6E-08 2E-06 3E-06
Average Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.0006 0.0008 0.04 0.06
Black Sea Bass
RME Risk - Total PCB/IRIS Slope Factors 2E-07 2E-07 1E-06 1E-06
RME Hazard - Total PCB/IRIS RfD 0.02 0.02 0.1 0.1
RME Risk/Hazard - Total PCB/Total Toxicity Factor 4E-07 4E-07 2E-06 3E-06
RME Risk - 13 Dioxin-like Congeners/WHO Relative Potency Factors 7E-07 8E-07 4E-06 5E-06
RME Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.003 0.003 0.02 0.02
Average Risk - Total PCB/IRIS Slope Factors 1E-08 2E-08 1E-07 1E-07
Average Hazard - Total PCB/IRIS RfD 0.003 0.004 0.02 0.03
Average Risk/Hazard - Total PCB/Total Toxicity Factor 3E-08 4E-08 2E-07 3E-07
Average Risk - 13 Dioxin-like Congeners/Relative Potency Factors 6E-08 9E-08 3E-07 4E-07
Average Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.0006 0.0009 0.004 0.006
Vermilion Snapper
RME Risk - Total PCB/IRIS Slope Factors 2E-07 2E-07 4E-07 5E-07
RME Hazard - Total PCB/IRIS RfD 0.02 0.02 0.04 0.04
RME Risk/Hazard - Total PCB/Total Toxicity Factor 4E-07 4E-07 8E-07 9E-07
RME Risk - 13 Dioxin-like Congeners/WHO Relative Potency Factors 8E-07 9E-07 1E-06 1E-06
RME Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.003 0.003 0.007 0.008
Average Risk - Total PCB/IRIS Slope Factors 2E-08 2E-08 4E-08 5E-08
Average Hazard - Total PCB/IRIS RfD 0.004 0.006 0.008 0.011
Average Risk/Hazard - Total PCB/Total Toxicity Factor 3E-08 5E-08 7E-08 1E-07
Average Risk - 13 Dioxin-like Congeners/Relative Potency Factors 8E-08 1E-07 1E-07 2E-07
Average Hazard - 13 Dioxin-like Congeners/IRIS RfD 0.0007 0.0010 0.001 0.002

Note:

CTE - Same as Average (risks or hazards associated with average exposure)
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Table 1-3

Summary of Revisions - Revisions Made on the Draft HHRA (NEHC 2002) in Order to Finalize the HHRA

LOCATION DESCRIPTION REVISIONS
Cover Page and Spine Address and NEHC address has been revised, and so is the date of publication of this Final Draft HHRA.
Date of
Publication
Table of Contents List of Tables Re-title Table 1-1 to reflect risk characterization results for the draft HHRA (FI Term was 0.1). Add Table
1-2 to present summary risk characterization results for the deterministic hazards and risks based on EPA
recommended FI term values (Versar 2003b). Add Table 1-3 (this table) that identifies revisions made.
Table of Contents List of Add Appendix H (NEHC 05 Sep 03 response to EPA comments on the derivation of FI term (NEHC
Appendices 2003b). Add Appendix I (NEHC 15 Nov 03 response to EPA comments on the revised FI term derivation
(NEHC 2003e). Add Appendix J “Revised Derivation of a Fraction Ingested [FI] Term for Use in the
REEFEX Risk Assessment, Based on Marine Angler Survey Data from the ex-VERMILLION Reef, South
Carolina” [URS, September 5, 2003]).
Executive Summary 4™ paragraph, This paragraph has been added to describe the fish consumption survey, EPA comments on the survey
page 1-1 data and the derivation of the FI term, the Navy responses to the EPA comments, culminating in
finalization of the HHRA.
Executive Summary 4th paragraph, These paragraphs have been added to summarize Navy responses to the EPA comments on the FI term.
page 1-3, and Specifically, they describe that the EPA recommended FI term values for the RME and CTE have been
1*and 2™ incorporated in finalizing the HHRA.

paragraph, page
1-4

Section 2.4, Technical
Working Group

Bullets 10 and
11, page 2-3

Add the draft HHRA (NEHC 2002) and the FI derivation documents (NEHC 2003a, 2003¢ and 2003d) as
data previously reviewed by the Technical Working Group (TWG). A footnote, explaining PRAM, has
been added.

Section 2.6, Contents of the

Bullets 1 and 5,

Bullet 1 has been revised to identify several key tables that summarize risks and hazards, and key changes

Risk Assessment Report page 2-4 made on the draft HHRA to become the final HHRA. Bullet 5 has been revised to indicate that
deterministic risks and hazards were calculated based on the assumed FI term value of 0.1 (draft HHRA)
and EPA recommended FI term values of 0.11 (RME) and 0.14 (CTE). The NEHC Point of Contact,
phone number and email address have been revised.

Section 5.1.1, Overview 2" paragraph, This paragraph clarifies that the children (a more sensitive population than adults) were the receptor

page 5-1 evaluated for non-cancer hazard as a conservative measure. For assessing carcinogenic risks, the
combined childhood and adult exposure was used. The unit of measure for the children fish ingestion
rates (IR.) and adult fish ingestion rate (IR,) have been revised to kg/day to be consistent with the
calculations presented in Appendix F.

Section 5.2.3, Estimation of 2" paragraph, This new paragraph better explains that if the H or t-statistic approaches were deemed to be inappropriate,

Exposure Point Concentrations | page 5-7 a non-parametric method (e.g., bootstrap or jackknife method) would be used to calculate exposure point
concentrations. This approach was consistent with the EPA guidance and HHRA work plan.

Section 5.2.4, Identification of | 1% and 2™ In order to be consistent with Appendix F (Detailed Risk Assessment Worksheets), the mean and 95

Exposure Parameters and
Assumptions/Fish ingestion
Rates for Children and Adults

paragraph, page
5-9

percentile ingestion rates for children and adults have been revised to provide the unit of measure as
kg/day.
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Table 1-3

Summary of Revisions - Revisions Made on the Draft HHRA (NEHC 2002) in Order to Finalize the HHRA

LOCATION

DESCRIPTION

REVISIONS

Section 5.2.4, Identification of
Exposure Parameters and

lst’ 2nd’ 3rd’ 4th’
and 5"

A sentence has been added to the end of the first paragraph to indicate that the assumed FI term value of
0.1 was based on time spent or frequency of marine anglers at the ex-VERMILLION reef, not marine

Assumptions/Fraction of Fish | paragraphs, finfish consumption data. The 2™ and 3™ paragraphs have been added to give a chronology of effort and

Ingested (FT) page 5-10 the resulting documents to support derivation of the FI term based on marine finfish consumption survey.
The 4™ paragraph was added to caution the applicability of the derived FI term values. Minor syntax
changes were made for the 5" paragraph.

Section 5.2.4, Identification of | Last paragraph, | For estimates of average (CTE) exposure, the adult exposure duration of 3 years was used based on the

Exposure Parameters and page 5-12 50™ percentile value of 9 years for time spent at a single residence, assuming 3 years as an adult and 6

Assumptions/Exposure years as a child.

Duration for Adults (ED,)

Section 5.4, Risk 3" paragraph, Stipulate that IRIS/RfD is based on Aroclor-1254.

Characterization Findings and | 2" and 7™

Uncertainty Discussion

bullets, page
5-15

Section 5.4.6, Conclusions, last paragraph, | The uncertainty associated with the FI term is identified. A statement has been entered that cautions the
Uncertainties, and page 5-20 applicability of the FI term values derived for or assumed in this HHRA.

Recommendations/Exposure

Assessment Uncertainties

Section 5.4.6, Conclusions, 2" paragraph, The uncertainty associated with the risk characterization results is recognized. It states that the angler
Uncertainties, and page 5-22 survey data (Hammond et. al. 2003) support the FI Term of 0.1 used in the draft HHRA; minor difference

Recommendations/Risk
Characterization Uncertainties

between the various values (i.e., those recommended by EPA) would not have any impact on the
conclusions of the HHRA. That is, within the limitations and uncertainties of the FI term, the HHRA
would demonstrate no unacceptable risk or hazard. Overall, the risk characterization results based on this
study are likely to be more conservative.

Section 6, References

These references have been added: the draft HHRA, EPA comments on the draft HHRA, Navy responses
to the EPA comments on the draft HHRA, FI derivation document, EPA comments on the FI derivation
document, Navy responses to EPA comments on the FI derivation document, the revised FI derivation
documents and their addendum documents, SCDNR ex-VERMILLION Reef finfish consumption survey,
EPA final comments on the revised FI derivation document and the Navy responses to these comments,

and EPA (1997) entitled, “The Lognormal Distribution in Environmental Applications”.

Throughout text

Minor, non-technical, grammatical changes have been made to increase readability/correct grammatical
errors.

|Appendix F|, Detailed Risk

Assessment Worksheets

Font sizes in this appendix have been increased in order to be more legible.
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Table 4-1

Documented Fish Species Found at
Reference and Target Reefs

Species List for Live Bottom Area

Family Species
Muraenidae spotted moray Gymnothorax moringa
Gadidae hake Urophyecis sp.
Holocentridae squirrelfish Holocentrus adscensionis
Serranidae bank sea bass Centropristis ocyurus

black sea bass Centropristis striata

sand perch Diplectrum fomosum

rock hind Epinephelus adscensionis

gag Mycteroperca microlepis

scamp Mycteroperca phenax

greater soapfish Rypticus saponaceus
Apogonidae cardinalfish Apogon sp.
Echeneidae remora Remora remora
Carangidae bar jack Caranx ruber

greater amberjack Seriola dumerili
Coryphaenidae dolphin Coryphaena hippurus
Lutjanidae vermilion snapper Rhomboplites aurorubens
Haemulidae tomtate Haemulon aurolineatum

white grunt Haemulon plumieri
Sparidae jolthead porgy Calamus bajonado

whitebone porgy Calamus leucosteus

knobbed porgy Calamus nodosus

spottail pinfish Diplodus holbrooki

pinfish Lagadon rhomboides

red porgy Pagrus pagrus

scup Stenotomus chrysops
Sciaenidae jackknife-fish Equatus lanceolatus
Mullidae spotted goatfish Pseudupeneus maculatus
Chaetodontidae spotfin butterflyfish Chaetodon ocellatus
Pomacanthidae blue angelfish Holacanthus bermudensis

french angelfish Pomacanthus paru
Pomacentridae cocoa damselfish Pomacentrus variabilis
Sphyraenidae great barracuda Sphyraena barracuda
Labridae Spanish hogfish Bodianus rufus

slippery dick Halichoeres bivittatus

hogfish Lachnolaimus maximus
Acanthuridae ocean surgeonfish Acanthurus bahianus
Scombridae little tunny Euthynnus alletteratus
Balistidae gray triggerfish Balistes capriscus

planehead filefish Monacanthus hispidus
Tetraodontidae bandtail puffer Sphoeroides spengleri
Cheloniidae loggerhead turtle Caretta caretta

Species List for Vermilion Reef

Page 1 of 2



Table 4-1

Documented Fish Species Found at
Reference and Target Reefs

Family Species
Odontaspididae sand tiger shark Odontaspis taurus
Muraenidae spotted moray Gymnothorax moringa
Congridae conger eel Conger oceanicus
Serranidae bank sea bass Centropristis ocyurus

black sea bass Centropristis striata

rock hind Epinephelus adscensionis

graysby Epinephelus cruentatus

gag Mpycteroperca microlepis

scamp Mycteroperca phenax

greater soapfish Rypticus saponaceus
Echeneidae remora Remora remora
Carangidae crevalle jack Caranx hippos

bar jack Caranx ruber

round scad Decapterus punctatus

greater amberjack Seriola dumerili

almaco jack Seriola rivoliana

pemit Trachinotus falcatus
Coryphaenidae dolphin Coryphaena hippurus
Lutjanidae gray snapper Lutjanus griseus

vermilion snapper Rhomboplites aurorubens
Haemulidae tomtate Haemulon aurolineatum

white grunt Haemulon plumieri
Sparidae sheepshead Archosargus probatocephalus

whitebone porgy Calamus leucosteus

knobbed porgy Calamus nodosus

spottail pinfish Diplodus holbrooki

red porgy Pagrus pagrus

scup Stenotomus chrysops
Sciaenidae cubbyu Equetus umbrosus
Ephippidae Atlantic spadefish Chaetodipterus faber
Chaetodontidae spotfin butterflyfish Chaetodon ocellatus
Pomacanthidae blue angelfish Holacanthus bermudensis
Pomacentridae bicolor damselfish Pomacentrus partitus

cocoa damselfish Pomacentrus variabilis
Sphyraenidae great barracuda Sphyraena barracuda
Labridae spanish hogfish Bodianus rufus

slippery dick Halichoeres bivittatus
Scombridae king mackerel Scomberomorus cavalla

Spanish mackerel Scomberomorus maculatus

yellowfin tuna Thunnus albacares
Balistidae gray triggerfish Balistes capriscus

planehead filefish

Page 2 of 2
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Table 4-2
Summary of Fish Species
(Collected During Two Sampling Events)

Location
Reference Reef Target Reef
Black Sea Bass 20 11
Gag Grouper 0 0
Scamp Grouper 0 0
Vermilion Snapper 22 20
White Grunt 20 20
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Table 4-3
Sample Identification Number and Date Collected

Sample Identification Number Date Collected Sample Identification Number Date Collected
Vermilion Snapper: FS-01-VS-T 6/14/2000 FS-01-VS-R 5/3/2000
FS-02-VS-T 6/14/2000 FS-02-VS-R 5/3/2000
FS-03-VS-T 6/14/2000 FS-03-VS-R 5/3/2000
FS-04-VS-T 6/14/2000 FS-04-VS-R 5/3/2000
FS-05-VS-T 6/14/2000 FS-05-VS-R 5/3/2000
FS-06-VS-T 6/14/2000 FS-06-VS-R 5/3/2000
FS-07-VS-T 6/14/2000 FS-07-VS-R 5/3/2000
FS-08-VS-T 6/14/2000 FS-08-VS-R 5/3/2000
FS-09-VS-T 6/14/2000 FS-09-VS-R 5/3/2000
FS-10-VS-T 6/14/2000 FS-10-VS-R 5/3/2000
FS-11-VS-T 6/14/2000 FS-11-VS-R 5/3/2000
FS-12-VS-T 6/14/2000 FS-12-VS-R 5/3/2000
FS-13-VS-T 6/14/2000 FS-13-VS-R 5/3/2000
FS-14-VS-T 6/14/2000 FS-14-VS-R 5/3/2000
FS-15-VS-T 6/14/2000 FS-15-VS-R 5/3/2000
FS-16-VS-T 6/14/2000 FS-16-VS-R 5/3/2000
FS-17-VS-T 6/14/2000 FS-17-VS-R 5/3/2000
FS-18-VS-T 6/14/2000 FS-18-VS-R 5/3/2000
FS-19-VS-T 6/14/2000 FS-19-VS-R 5/3/2000
FS-20-VS-T 6/14/2000 FS-20-VS-R 6/14/2000
FS-21-VS-R 6/14/2000
FS-22-VS-R 6/14/2000
White Grunt: FS-01-WG-T 5/3/2000 FS-01-WG-R 5/3/2000
FS-02-WG-T 5/3/2000 FS-02-WG-R 5/3/2000
FS-03-WG-T 6/14/2000 FS-03-WG-R 5/3/2000
FS-04-WG-T 6/14/2000 FS-04-WG-R 5/3/2000
FS-05-WG-T 6/14/2000 FS-05-WG-R 5/3/2000
FS-06-WG-T 6/14/2000 FS-06-WG-R 5/3/2000
FS-07-WG-T 6/14/2000 FS-07-WG-R 5/3/2000
FS-08-WG-T 6/14/2000 FS-08-WG-R 5/3/2000
FS-09-WG-T 6/14/2000 FS-09-WG-R 5/3/2000
FS-10-WG-T 6/14/2000 FS-10-WG-R 5/3/2000
FS-11-WG-T 6/14/2000 FS-11-WG-R 5/3/2000
FS-12-WG-T 6/14/2000 FS-12-WG-R 6/14/2000
FS-13-WG-T 6/14/2000 FS-13-WG-R 6/14/2000
FS-14-WG-T 6/14/2000 FS-14-WG-R 6/14/2000
FS-15-WG-T 6/14/2000 FS-15-WG-R 6/14/2000
FS-16-WG-T 6/14/2000 FS-16-WG-R 6/14/2000
FS-17-WG-T 6/14/2000 FS-17-WG-R 6/14/2000
FS-18-WG-T 6/14/2000 FS-18-WG-R 6/14/2000
FS-19-WG-T 6/14/2000 FS-19-WG-R 6/14/2000
FS-20-WG-T 6/14/2000 FS-20-WG-R 6/14/2000
Black Sea Bass: FS-01-SB-T 5/3/2000 FS-01-SB-R 5/3/2000
FS-02-SB-T 6/14/2000 FS-02-SB-R 5/3/2000
FS-03-SB-T 6/14/2000 FS-03-SB-R 5/3/2000
FS-04-SB-T 6/14/2000 FS-04-SB-R 5/3/2000
FS-05-SB-T 6/14/2000 FS-05-SB-R 5/3/2000
FS-06-SB-T 6/14/2000 FS-06-SB-R 5/3/2000
FS-07-SB-T 6/14/2000 FS-07-SB-R 5/3/2000
FS-08-SB-T 6/14/2000 FS-08-SB-R 5/3/2000
FS-09-SB-T 6/14/2000 FS-09-SB-R 5/3/2000
FS-10-SB-T 6/14/2000 FS-10-SB-R 5/3/2000
FS-11-SB-T 6/14/2000 FS-11-SB-R 5/3/2000
FS-12-SB-R 5/3/2000
FS-13-SB-R 5/3/2000
FS-14-SB-R 5/3/2000
FS-15-SB-R 5/3/2000
FS-16-SB-R 5/3/2000
FS-17-SB-R 5/3/2000
FS-18-SB-R 5/3/2000
FS-19-SB-R 5/3/2000
FS-20-SB-R 5/3/2000
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Table 4-4

Length, Wieghts, Sex and Estimated Age of Fish Collected at Reference Reef

Reference Reef
Sample Identification Species | Total Length (mm) | Total Weight (g) | Filet Weight (g) Liver Weight (g) Sex Estimated Age |
F5-01-5B-R Black Seabass 422 1128 194 11.82 M 9
FS-02-SB-R Black Seab 394 916 132 4.5 M 7
FS-03-SB-R Black Seabass 370 699 104 36 M 6
F5-04-5B-R Black Seabass 345 646 80 34 M ]
F5-05-5B-R. Black Seab 322 585 148 4.2 F 4
FS-06-SB-R Black Seabass 315 383 120 1.6 F 4
FS-07-SB-R Black Seak N 504 148 23 E X
FS-08-5B-R Black Seab 252 265 79 1.5 ¥ 3
FS-09-SB-R Black Seab 278 374 100 2.6 F 4
FS-10-SB-R Black Seabass 342 634 158 33 M 5
FS-11-SB-R Black Seab 306 421 110 34 M 4
FS-12-SB-R Black Seabass 282 331 95 3 F 4
FS-13-SB-R Black Seabass 297 373 117 rE ] F 4
F5-14-5B-R Black Seabass 255 i3 74 2.5 F 3
F5-15-5B-R Black Seab 266 352 87 5.5 ¥ 3
FS-16-SB-R Black Seabass 286 288 85 1.5 F 4
FS-17-5B-R Black Seabass 289 330 108 31 I 4
FS-18-5B-R Black Seab 272 345 94 3 F 3
FS-19-SB-R Black Seabass 280 265 75 1.7 F 4
FS-20-SB-R Black Seak 333 511 163 3.6 F 3,
FS-01-V5-R Vermilion Snappe: 304 417 167 3.6 F 4
FS-02-VS-R Vermilion Snappe{ 285 351 137 3.32 F 4
FS-03-VS-R Vermilion S 274 282 112 2.37 F 4
F5-04-VS-R Vermilion Snappe 308 419 159 5.66 F 4
F5-05-VS-R [Vermilion Snappet 273 309 128 2.04 E -
FS-06-VS-R [Vermilion Snappet 270 n 119 278 F 3
FS-07-V5-R [Vermilion Snapp 276 303 121 NA M 4
FS-08-VS-R Vermilion Snappe: 270 270 110 1.7 F 3
FS-09-VS-R Vermilion Snapy 315 463 192 5.63 F 5
FS-10-VS-R Vermilion Snappet 295 424 147 3.75 ¥ 5
FS-11-V5-R Vermilion Snappet 290 324 125 1.93 M 4
FS-12-VS-R Vermilion Snappe 299 375 158 2.63 M 4
FS-13-VS-R Vermilion 5 265 321 107 2.43 F 3
FS-14-VS-R [Vermilion Snappe: 274 338 138 391 F 4
FS-15-VS-R Vermilion Snappe{ 285 348 123 2.24 M 5
FS-16-VS-R Vermilion Snapp 295 355 139 3.35 F k]
FS-17-VS-R [Vermilion Snappe: 265 284 109 3.38 F 3
FS-18-VS-R Vermilion Snapp 278 319 124 3.29 F 4
FS-19-V5-R [Vermilion Snappe: 294 405 149 182 r 5
F5-20-V5-R [Vermilion Snappey 283 180 102 1.49 M 4
FS-21-VS-R [Vermilion Snapp 270 306 102 2.52 F 3
FS-22-VS-R [Vermilion Snappe 284 291 114 1.25 F 4
FS-01-WG-R White Grunt 405 1433 S 40.24 9
FS-02-WG-R White Grunt 7 1062 293 515 F 8
FS-03-WG-R White Grunt 370 970 268 13.3 P 7
FS-04-WG-R White Grunt 325 572 168 4.87 F 5
FS-05-WG-R White Grunt 307 479 148 4.49 F 5
F5-06-WG-R White Grunt 317 526 151 4.26 M L
F5-07-WG-R White Grunt 350 729 234 5.85 M i
F5-08-WG-R White Grunt 281 381 116 297 M 4
FS-09-WG-R White Grunt 297 510 147 4.48 F 5
FS-10-WG-R White Grunt 305 501 145 3.16 M 5
FS-11-WG-R White Grunt 290 442 127 3.68 M 4
FS-12-WG-R ‘White Grunt 382 861 244 5.03 M 8
FS-13-WG-R White Grunt 401 1091 357 5.78 M 9
FS-14-WG-R White Grunt 345 678 184 6.27 F 4
FS-15-WG-R White Grunt 260 346 99 2.74 M 4
FS-16-WG-R White Grunt 215 380 111 2.69 x 4
F5-17-WG-R White Grunt 265 317 84 1.9 M 4
FS-18-WG-R White Grunt 240 242 63 1.41 1 3
FS-19-WG-R White Grunt 355 748 222 497 M 7
FS-20-WG-R White Grunt 232 223 66 1.52 Immature 3
FS-01-TF-R Toadfish 290 550 6.5 M
FS-02-TF-R Toadfish 299 585 78 F




‘Table 4-5
Length, Wieghts, Sex and Estimated Age of Fish Collected at Target Reel

Target Reef
Sample Identification Species Total Length (mm) | Total Weight (g) | Filet Weight (g) Liver Weight (g) Sex Estimated Age
FS-01-SB-T Black Seak 315 546 72 5.5 F 4
FS-02-SB-T Black Seabass 292 . 520 198 11.44 F 4
FS-03-SB-T Black Seal 321 639 232 16.47 F 5
F5-04-SB-T Black Seabass 315 663 259 19.49 M 4
FS-05-SB-T Black Seabass 300 530 174 14.75 F 4
FS-06-SB-T Black Seabass 355 917 342 26.84 F 5
FS-07-SB-T Black Seabass 425 1231 431 20.76 M 9
FS-08-SB-T Black Seat 310 513 150 17.47 4
F5-09-SB-T Black Seab 336 713 248 19.82 F 3
FS-10-5B-T Black Seak 296 515 162 16.08 F 4
FS-11-SB-T Black Seabass 267 391 144 10.83 M 3
FS-01-VS-T [Vermilion Snapp 314 444 161 71.37 F 4
F5-02-VS-T Vermilion Snappe: 314 449 193 5.32 M 4
FS-03-VS-T [Vermilion Snapp 305 425 169 542 E 4
FS-04-VS-T Vermilion Snappey 335 615 231 11.82 F 5
FS-05-VS-T Vermilion Snappef 355 771 326 5.62 M 6
FS-06-VS-T Vermilion Snappe 346 620 270 6.54 M 5
FS-07-VS-T Vermilion Snappe{ 305 441 190 431 M 4
FS-08-VS-T Vermilion Snappel 320 496 206 8.65 F <]
FS-09-VS-T Vermilion Snappe 348 612 260 6.85 M 5
F5-10-VS-T Vermilion Snappet 305 440 183 6.25 F 4
FS-11-VS-T Vermilion Snappe 310 457 191 7.11 M 4
FS-12-VS-T Vermilion Snappe 334 513 194 11.77 F 5
FS-13-VS-T [Vermilion Snapg 320 525 219 12.22 F 5
FS-14-VS-T Vermilion Snappef 295 381 157 3.81 M 4
FS-15-VS-T [Vermilion Snappe; 358 720 304 11.26 F 6
FS-16-VS-T [Vermilion Snap 305 436 194 7.82 F 4
FS-17-VS-T Vermilion S 295 400 159 8.13 F 4
FS-18-VS-T [Vermilion S 302 392 170 3.6 F 4
FS-19-VS-T Vermilion Snapp 314 471 196 6.99 F 4
FS-20-VS-T Vermilion Snappet 360 697 290 9.28 F 6
FS-01-WG-T White Grunt 374 1012 347 18.5 F 7
FS-02-WG-T White Grunt 422 1329 470 32.01 M 10
FS5-03-WG-T White Grunt 293 489 163 12.93 F 5
FS-04-WG-T White Grunt 274 424 128 13.13 F 4
FS-05-WG-T White Grunt 250 304 104 -6.55 F 3
FS5-06-WG-T White Grunt 233 127 71 3.1 F 3
F5-07-WG-T White Grunt 321 676 237 13.1 F ]
FS-08-WG-T White Grunt 258 276 96 3.01 F 4
FS-09-WG-T White Grunt 243 241 84 1.66 Immature 3
FS-10-WG-T White Grunt 378 999 317 28.78 M 7
FS-11-WG-T White Grunt 315 568 198 11.61 M 5
FS$-12-WG-T White Grunt 365 928 302 20.2 F )
FS-13-WG-T White Grunt 274 344 113 6.56 M 4
F5-14-WG-T White Grunt 235 227 72 2.39 3
F5-15-WG-T White Grunt 422 1464 515 29.46 M 10
FS-16-WG-T White Grunt 247 279 87 4 F 3
FS-17-WG-T White Grunt 440 1709 537 39.03 F 11
FS-18-WG-T White Grunt 432 1592 492 34.87 F 10
FS-19-WG-T ‘White Grunt 255 311 929 4.7 Immature 4
FS-20-WG-T White Grunt 374 962 294 1.93 T
F5-21-WG-T White Grunt 255 310 Not Processed 4
FS-22-WG-T White Grunt 232 240 Not Processed 3
F5-23-WG-T White Grunt 290 478 Not Processed 5
FS-24-WG-T White Grunt 215 171 Not Processed :




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC:

Andrea Lunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Coreen Hamilton, Axys Analytical Services, Ltd.
Address: 2045 MillsRoad West, Sidney, BC, Canada V8L 3S8

Phone: (250) 655-5800

Fax: (250) 655-5811

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

[%2]
z
g %) S
Sample Date/Time Field Identification: Sample Number Matrix * kel ; g o 3
o] o < =] c
a = k=) % )
Elz|=2]c¢8 A
z = | = < Remarks (Write out QC Sample Types)
5/3/00 1025 NEHC-0001 = 1| X | X | X 1
5/3/00 1020 NEHC-0002 FI 1] X | X | X 1
5/3/00 1022 NEHC-0003 FI 1] X | X | X 1
5/3/00 1024 NEHC-0004 FI 1 X | X | X 1
5/2/00 1025 NEHC-0005 FI 1] X | X | X 1
5/2/00 0930 NEHC-0006 FI 1] X | X | X 1
5/3/00 1026 NEHC-0007 FI 1] X | X | X 1
6/14/00 1530 NEHC-0008 FI 1] X | X | X 1
5/3/00 1017 NEHC-0009 FI 1] X | X | X 1
5/2/00 0935 NEHC-0010 FI 1] X | X | X 1

Preservatives used: Wet Ice

(SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue

TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate}

Signature

Date/Time

Method of Shipment: FEDEX

Relinquished By: 7/9/2001 16:00

Airbill No.: Master 8167 2625 6075
Received By:

Laboratory Name and Phone Number: Axys Laboratory (250) 655-5800
Relinquished By:

Laboratory Address: 2045 Mills Rd. West, Sidney, BC, Canada V8L 358
Received By:
Relinquished By: Custody SealsPresent? Yes No

Received By Laboratory:

Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC:

Andrea Lunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Coreen Hamilton, Axys Analytical Services, Ltd.
Address: 2045 MillsRoad West, Sidney, BC, Canada V8L 3S8

Phone: (250) 655-5800

Fax: (250) 655-5811

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

(2]
o
g k%) S
Sample Date/Time Field Identification: Sample Number Matrix * kel ; c o 3
o} s} < > c
9 < o ! =)
Elz|=2]c¢8 A
z = ] = < Remarks (Write out QC Sample Types)
5/2/00 1025 NEHC-0011 Fl 1| X | XX 1
6/14/00 1431 NEHC-0012 Fl L] X ] XX 1
6/14/00 1552 NEHC-0013 Fl 1| XXX 1 wsoUP
6/14/00 1504 NEHC-0014 Fl L] XXX 1
5/3/00 1004 NEHC-0015 Fl L] X ] XX 1
5/3/00 1008 NEHC-0016 Fl L] XXX 1
5/3/00 1002 NEHC-0017 Fl L] XXX 1
5/3/00 1124 NEHC-0018 Fl L] XXX 2
5/3/00 0951 NEHC-0019 Fl L] XXX 2
6/14/00 1426 NEHC-0020 Fl 1| XXX 2 wsoUP
Preservativesused: Wet |ce (SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate
Signature Date/Time
Method of Shipment: FEDEX
Relinquished By: 7/9/2001 16:00
Airbill No.: Master 8167 2625 6123
Received By:
Laboratory Name and Phone Number: Axys Laboratory (250) 655-5800
Relinquished By:
Laboratory Address: 2045 Mills Rd. West, Sidney, BC, Canada V8L 358
Received By:
Relinquished By: Custody SealsPresent? Yes No

Received By Laboratory:

Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC:

Andrea Lunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Coreen Hamilton, Axys Analytical Services, Ltd.
Address: 2045 MillsRoad West, Sidney, BC, Canada V8L 3S8

Phone: (250) 655-5800

Fax: (250) 655-5811

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

(2]
o
g k%) S
Sample Date/Time Field Identification: Sample Number Matrix * kel ; c o 3
o} s} < > c
HEREAE: g
z = 3 = < Remarks (Write out QC Sample Types)
6/14/00 1608 NEHC-0021 Fl 1| X | XX 2
6/14/00 1604 NEHC-0022 Fl L] X ] XX 2
5/3/00 1552 NEHC-0023 Fl L] XXX 2
5/3/00 1052 NEHC-0024 Fl L] XXX 2
5/3/00 1005 NEHC-0025 Fl L] X ] XX 2
5/2/00 1008 NEHC-0026 Fl L] XXX 2
6/14/00 1533 NEHC-0027 Fl L] XXX 2
5/3/00 1102 NEHC-0028 Fl L] XXX 2
6/14/00 1522 NEHC-0029 Fl L] XXX 2
5/3/00 1040 NEHC-0030 Fl L] XXX 2
Preservativesused: Wet |ce (SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate
Signature Date/Time
Method of Shipment: FEDEX
Relinquished By: 7/9/2001 16:00
Airbill No.: Master 8167 2625 6086
Received By:
Laboratory Name and Phone Number: Axys Laboratory (250) 655-5800
Relinquished By:
Laboratory Address: 2045 Mills Rd. West, Sidney, BC, Canada V8L 358
Received By:
Relinquished By: Custody SealsPresent? Yes No

Received By Laboratory:

Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC:

Andrea Lunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Coreen Hamilton, Axys Analytical Services, Ltd.
Address: 2045 MillsRoad West, Sidney, BC, Canada V8L 3S8

Phone: (250) 655-5800

Fax: (250) 655-5811

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

(2]
o
g k%) S
Sample Date/Time Field Identification: Sample Number Matrix * kel ; c o 3
o} s} < > c
9 < o ! =)
Elz|=2]c¢8 A
z = ] = < Remarks (Write out QC Sample Types)
6/14/00 1612 NEHC-0031 Fl 1| X | XX 2
6/14/00 1509 NEHC-0032 Fl L] X ] XX 2
5/2/00 1020 NEHC-0033 Fl L] XXX 2
5/3/00 1020 NEHC-0034 Fl L] XXX 2
5/3/00 0945 NEHC-0035 Fl L] X ] XX 2
6/14/00 1617 NEHC-0036 Fl L] XXX 3
6/14/00 1608 NEHC-0037 Fl L] XXX 3
6/14/00 1357 NEHC-0038 Fl 1| X | XX 3 wsoUP
5/3/00 1010 NEHC-0039 Fl L] XXX 3
6/14/00 1128 NEHC-0040 Fl L] XXX 3
Preservativesused: Wet |ce (SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate
Signature Date/Time
Method of Shipment: FEDEX
Relinquished By: 7/9/2001 16:00
Airbill No.: Master 8167 2625 6097
Received By:
Laboratory Name and Phone Number: Axys Laboratory (250) 655-5800
Relinquished By:
Laboratory Address: 2045 Mills Rd. West, Sidney, BC, Canada V8L 358
Received By:
Relinquished By: Custody SealsPresent? Yes No

Received By Laboratory:

Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC: AndreaLunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Coreen Hamilton, Axys Analytical Services, Ltd.
Address: 2045 MillsRoad West, Sidney, BC, Canada V8L 3S8

Phone: (250) 655-5800

Fax: (250) 655-5811

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

o
g %) S
Sample Date/Time Field Identification: Sample Number Matrix * kel ; g o 3
o] o < =] c
a = k=) % )
Elz|=2]c¢8 A
z = | = < Remarks (Write out QC Sample Types)
5/2/00 1020 NEHC-0041 = 1| X | X | X 3
5/3/00 1020 NEHC-0042 FI 1] X | X | X 3
6/14/00 1622 NEHC-0043 FI 1] X | X | X 3
5/2/00 1020 NEHC-0044 FI 1 X | X | X 3
6/14/00 1400 NEHC-0045 FI 1] X | X | X 3
5/3/00 1020 NEHC-0046 FI 1] X | X | X 3
6/14/00 1542 NEHC-0047 FI 1] X | X | X 3
5/3/00 1020 NEHC-0048 FI 1] X | X | X 3
5/2/00 0951 NEHC-0049 FI 1] X | X | X 3
6/14/00 1537 NEHC-0050 FI 1] X | X | X 3

Preservatives used: Wet Ice

(SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue

TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate}

Signature

Date/Time

Method of Shipment: FEDEX

Relinquished By: 7/9/2001 16:00

Airbill No.: Master 8167 2625 6101
Received By:

Laboratory Name and Phone Number: Axys Laboratory (250) 655-5800
Relinquished By:

Laboratory Address: 2045 Mills Rd. West, Sidney, BC, Canada V8L 358
Received By:
Relinquished By: Custody SealsPresent? Yes No

Received By Laboratory:

Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC: AndreaLunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Coreen Hamilton, Axys Analytical Services, Ltd.
Address: 2045 MillsRoad West, Sidney, BC, Canada V8L 3S8

Phone: (250) 655-5800

Fax: (250) 655-5811

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

(%]
2
g %) 5
Sample Date/Time Field Identification: Sample Number Matrix * kel = g o 3
o} 8 < 3 c
2 = kel k2] =)
Elz|=2]c¢8 A
z = | = < Remarks (Write out OC Sample Types)
6/14/00 1127 NEHC-0051 FI 1| X[ XX 3
6/14/00 1548 NEHC-0052 Fl 1 XXX 3
6/14/00 1548 NEHC-0053 Fl 1 XXX 3

Preservatives used: Wet Ice

(SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue

TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate}

Signature

Date/Time

Method of Shipment: FEDEX

Relinquished By: 7/9/2001 16:00

Airbill No.: Master 8167 2625 6112
Received By:

Laboratory Name and Phone Number: Axys Laboratory (250) 655-5800
Relinquished By:

Laboratory Address: 2045 Mills Rd. West, Sidney, BC, Canada V8L 358
Received By:
Relinquished By: Custody SealsPresent? Yes No

Received By Laboratory:

Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC: AndreaLunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Stephanie Roy, Arthur D. LittleInc.

Address: Acorn Park

City: Cambridge

State/Zip: MA 02140 Phone: (617) 498-5340

Fax: (617) 498-7296

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

o
3
g
£ I 5
812 |3 g
Sample Date/Time Field I dentification: Sample Number Matrix * k] > g o B
o} o < 3 c
8 Q o ] >
s[5 |2z B
z a - = < Remarks (Write out OC Sample Types)
5/3/00 1025 NEHC-0001 Fl 1] XXX 1
5/3/00 1020 NEHC-0002 FI 1] X[ XX 1
5/3/00 1022 NEHC-0003 FI 1] X[ XX 1
5/3/00 1024 NEHC-0004 FI 1] X[ XX 1
5/2/00 1025 NEHC-0005 FI 1] X[ XX 1
5/2/00 0930 NEHC-0006 FI 1] X[ XX 1
5/3/00 1026 NEHC-0007 FI 1] X[ XX 1
6/14/00 1530 NEHC-0008 FI 1] X[ XX 1
5/3/00 1017 NEHC-0009 FI 1] X[ XX 1
5/2/00 0935 NEHC-0010 FI 1] X[ XX 1
Preservativesused: Wet |ce (SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate
Signat Date/Ti
R e Method of Shipment: FEDEX
Relinquished By: 7/9/2001 16:00
Airbill No.: 790942788760
Received By:
Laboratory Name and Phone Number: ADL Laboratory (617) 498-5340
Rel shed By:
— * Laboratory Address: Acorn Park, Cambridge, MA 02140
Received By:
Relinquished By: Custody SealsPresent? Yes No
Received By Laboratory: Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC:

Andrea Lunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Stephanie Roy, Arthur D. LittleInc.

Address: Acorn Park

City: Cambridge

State/Zip: MA 02140 Phone: (617) 498-5340 Fax: (617) 498-7296

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

o
3
o
°
£ I 5
812 |3 g
Sample Date/Time Field I dentification: Sample Number Matrix * k] > g o B
o] = < =] c
o 4 kel 7 =)
s[5 |2z B
b4 a | = < Remarks (Write out QC Sample Types)
5/2/00 1025 NEHC-0011 = 1| X | X | X 1
6/14/00 1431 NEHC-0012 FI 1] X | X | X 1
6/14/00 1552 NEHC-0013 = 1 X | X | X 1 MSDUP
6/14/00 1504 NEHC-0014 FI 1] X | X | X 1
5/3/00 1004 NEHC-0015 FI 1] X | X | X 1
5/3/00 1008 NEHC-0016 FI 1] X | X | X 1
5/3/00 1002 NEHC-0017 FI 1] X | X | X 1
5/3/00 1124 NEHC-0018 FI 1] X | X | X 2
5/3/00 0951 NEHC-0019 FI 1] X | X | X 2
6/14/00 1426 NEHC-0020 FI 1 X | X | X 2 MSDUP

Preservatives used: Wet Ice

(SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue

TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate}

Signature

Date/Time

Method of Shipment: FEDEX

Relinquished By: 7/9/2001 16:00
Airbill No.: 790942788760
Received By:
Laboratory Name and Phone Number: ADL Laboratory (617) 498-5340
Relinquished By:
Laboratory Address: Acorn Park, Cambridge, MA 02140
Received By:
Relinquished By: Custody SealsPresent? Yes No

Received By Laboratory:

Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC: AndreaLunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Stephanie Roy, Arthur D. LittleInc.

Address: Acorn Park

City: Cambridge

State/Zip: MA 02140 Phone: (617) 498-5340

Fax: (617) 498-7296

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

o
3
g
£ I 5
812 |3 g
Sample Date/Time Field I dentification: Sample Number Matrix * k] > g o B
o] 2 < = =
8 Q o ] >
s[5 |2z B
z a - = < Remarks (Write out OC Sample Types)
6/14/00 1608 NEHC-0021 Fl 1] XXX 2
6/14/00 1604 NEHC-0022 FI 1] X[ XX 2
5/3/00 1552 NEHC-0023 FI 1] X[ XX 2
5/3/00 1052 NEHC-0024 FI 1] X[ XX 2
5/3/00 1005 NEHC-0025 FI 1] X[ XX 2
5/2/00 1008 NEHC-0026 FI 1] X[ XX 2
6/14/00 1533 NEHC-0027 FI 1] X[ XX 2
5/3/00 1102 NEHC-0028 FI 1] X[ XX 2
6/14/00 1522 NEHC-0029 FI 1] X[ XX 2
5/3/00 1040 NEHC-0030 FI 1] X[ XX 2
Preservativesused: Wet |ce (SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate
Signat Date/Ti
R e Method of Shipment: FEDEX
Relinquished By: 7/9/2001 16:00
Airbill No.: 790098344699
Received By:
Laboratory Name and Phone Number: ADL Laboratory (617) 498-5340
Rel shed By:
— * Laboratory Address: Acorn Park, Cambridge, MA 02140
Received By:
Relinquished By: Custody SealsPresent? Yes No
Received By Laboratory: Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC: AndreaLunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Stephanie Roy, Arthur D. LittleInc.

Address: Acorn Park

City: Cambridge

State/Zip: MA 02140 Phone: (617) 498-5340

Fax: (617) 498-7296

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

o
3
g
£ I 5
812 |3 g
Sample Date/Time Field I dentification: Sample Number Matrix * k] > g o B
o} o < 3 c
8 Q o ] >
s[5 |2z B
z a - = < Remarks (Write out OC Sample Types)
6/14/00 1612 NEHC-0031 Fl 1] XXX 2
6/14/00 1509 NEHC-0032 FI 1] X[ XX 2
5/2/00 1020 NEHC-0033 FI 1] X[ XX 2
5/3/00 1020 NEHC-0034 FI 1] X[ XX 2
5/3/00 0945 NEHC-0035 FI 1] X[ XX 2
6/14/00 1617 NEHC-0036 FI 1] X[ XX 3
6/14/00 1608 NEHC-0037 FI 1] X[ XX 3
6/14/00 1357 NEHC-0038 Fl L] XXX 3 MSDUP
5/3/00 1010 NEHC-0039 FI 1] X[ XX 3
6/14/00 1128 NEHC-0040 FI 1] X[ XX 3
Preservativesused: Wet |ce (SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate
Signat Date/Ti
R e Method of Shipment: FEDEX
Relinquished By: 7/9/2001 16:00
Airbill No.: 790098344699
Received By:
Laboratory Name and Phone Number: ADL Laboratory (617) 498-5340
Rel shed By:
— * Laboratory Address: Acorn Park, Cambridge, MA 02140
Received By:
Relinquished By: Custody SealsPresent? Yes No
Received By Laboratory: Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC: AndreaLunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Stephanie Roy, Arthur D. LittleInc.

Address: Acorn Park

City: Cambridge

State/Zip: MA 02140 Phone: (617) 498-5340

Fax: (617) 498-7296

Company Name: URS Corporation

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

o
3
g
£ I 5
812 |3 g
Sample Date/Time Field I dentification: Sample Number Matrix * k] > g o B
o} 2 < > c
8 Q o ] >
s[5 |2z B
z a - = < Remarks (Write out OC Sample Types)
5/2/00 1020 NEHC-0041 Fl 1] XXX 3
5/3/00 1020 NEHC-0042 FI 1] X[ XX 3
6/14/00 1622 NEHC-0043 FI 1] X[ XX 3
5/2/00 1020 NEHC-0044 FI 1] X[ XX 3
6/14/00 1400 NEHC-0045 FI 1] X[ XX 3
5/3/00 1020 NEHC-0046 FI 1] X[ XX 3
6/14/00 1542 NEHC-0047 FI 1] X[ XX 3
5/3/00 1020 NEHC-0048 FI 1] X[ XX 3
5/2/00 0951 NEHC-0049 FI 1] X[ XX 3
6/14/00 1537 NEHC-0050 FI 1] X[ XX 3
Preservativesused: Wet |ce (SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate
Signat Date/Ti
R e Method of Shipment: FEDEX
Relinquished By: 7/9/2001 16:00
Airbill No.: 790098344840
Received By:
Laboratory Name and Phone Number: ADL Laboratory (617) 498-5340
Rel shed By:
— * Laboratory Address: Acorn Park, Cambridge, MA 02140
Received By:
Relinquished By: Custody SealsPresent? Yes No
Received By Laboratory: Custody SealsIntact? Yes No




Table 4-6
Sample | D, Types, and Analyses Perfor med

Methods and/or Analytes

URSProject No.: 53F00E9612.02/00002

Project Name: Navy Reefex / Vermillion Reef, Charleston, SC

Project Location: Charleston, South Carolina

Sampling Team Leader: Todd D. Hunt

Project Manager: URS: Peter Tong NEHC:

Andrea Lunsford

Send Report To:  Personsidentified by conference call

Billing Contact: Stephanie Roy, Arthur D. LittleInc.

Address: Acorn Park

263 Seaboard L ane, Suite 200
Franklin, TN 37067
615-771-2480

o
. . ?
City: Cambridge State/Zip: MA 02140 Phone: (617) 498-5340 Fax: (617) 498-7296 =
Company Name: URS Corporation fi
s |
£ I 5
5 ) 78 I
(@] < 3 m
Sample Date/Time Field I dentification: Sample Number Matrix * k] 2 5: o B
E £ o ; %,
g ) =2 S 2]
z a | = < Remarks (Write out OC Sample Types)
6/14/00 1127 NEHC-0051 FI 1| X[ XX 3
6/14/00 1548 NEHC-0052 FI 1 XXX 3
6/14/00 1548 NEHC-0053 FI 1 XXX 3

Preservatives used: Wet Ice

(SW)=Surface Water, (GW)=Groundwater, (SO)=Soil, (SD) = Sediment, (FI)=Fish Tissue

TB=Trip Blank, RS=Rinsate, MS=Matrix Spike, DUP=Matrix Duplicate}

Signature

Date/Time

Method of Shipment: FEDEX

Relinquished By: 7/9/2001 16:00
Airbill No.: 790098344840
Received By:
Laboratory Name and Phone Number: ADL Laboratory (617) 498-5340
Relinquished By:
Laboratory Address: Acorn Park, Cambridge, MA 02140
Received By:
Relinquished By: Custody SealsPresent? Yes No

Received By Laboratory:

Custody SealsIntact? Yes No




Table 5-1

Target Vs. Reference Concentrations

PCBs in Fish

Reference Reef

Target Reef

Target Reef

Lognormal Average Maximum Detected
Fish Species Parameter 95% UTL (pg/g) Concentration (pg/g) Concentration (pg/g)
White Grunt 105 - 2,3,3',4,4'-Pentachlorobiphenyl 1,268 10,377 50,200
White Grunt 114 - 2,3,4,4',5-Pentachlorobiphenyl 82 673 3,880
White Grunt 118 - 2,3',4,4',5-Pentachlorobiphenyl 3,870 30,308 51,900
White Grunt 123 - 2',3,4,4' 5-Pentachlorobiphenyl 45 335 335
White Grunt 126 - 3,3'4,4',5-Pentachlorobiphenyl 12 11 65
White Grunt 156 - 2,3,3',4,4',5-Hexachlorobipheny! 537 4,463 22,800
White Grunt 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 154 879 4,390
White Grunt 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 205 1,603 7,970
White Grunt 169 - 3,3'4,4',5,5'-Hexachlorobiphenyl 1.8 6.4 6.4
White Grunt 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 515 3,414 15,000
White Grunt 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 1,181 10,958 55,800
White Grunt 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 29 174 826
White Grunt 77 - 3,3'4,4'-Tetrachlorobiphenyl 12 60 389
White Grunt Total Monochlorobiphenyl 2.6 2.4 18
White Grunt Total Dichlorobiphenyls 38 121 1,050
White Grunt Total Trichlorobiphenyls 123 2,324 14,900
White Grunt Total Tetrachlorobiphenyls 1,244 28,797 66,500
White Grunt Total Pentachlorobiphenyls 10,206 107,931 95,300
White Grunt Total Hexachlorobiphenyls 13,464 119,041 70,100
White Grunt Total Heptachlorobiphenyls 3,268 30,715 82,600
White Grunt Total Octachlorobiphenyls 1,043 12,136 62,200
White Grunt Total Nonachlorobiphenyls 413 2,042 12,600
White Grunt 209 - Decachlorobiphenyl 64 80 424
White Grunt Total Polychlorinated Biphenyls 30,397 303,270 96,900
Vermilion Snapper 105 - 2,3,3',4,4'-Pentachlorobiphenyl 369 464 1,980
Vermilion Snapper 114 - 2,3,4,4',5-Pentachlorobiphenyl 22 26 110
Vermilion Snapper 118 - 2,3',4,4',5-Pentachlorobiphenyl 1,215 1,282 5,060
Vermilion Snapper 123 - 2',3,4,4' 5-Pentachlorobiphenyl 18 18 82
Vermilion Snapper 126 - 3,3'4,4',5-Pentachlorobiphenyl 8.6 2.8 1
Vermilion Snapper 156 - 2,3,3',4,4', 5-Hexachlorobiphenyl 204 151 618
Vermilion Snapper 157 - 2,3,3',4,4' 5'-Hexachlorobiphenyl 51 35 129
Vermilion Snapper 167 - 2,3'4,4',5,5'-Hexachlorobiphenyl 100 60 229
Vermilion Snapper 169 - 3,3'4,4',5,5'-Hexachlorobiphenyl 2.6 0.7 43
Vermilion Snapper 170 - 2,2',3,3',4,4' 5-Heptachlorobiphenyl 351 137 751
Vermilion Snapper 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 992 382 2,460
Vermilion Snapper 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 15 6.1 26
Vermilion Snapper 77 - 3,3'4,4'-Tetrachlorobiphenyl 15 6.7 15
Vermilion Snapper Total Monochlorobiphenyl 6.8 1.4 2.7
Vermilion Snapper  Total Dichlorobiphenyls 34 18 25
Vermilion Snapper  Total Trichlorobiphenyls 196 149 218
Vermilion Snapper Total Tetrachlorobiphenyls 923 1,415 3,600
Vermilion Snapper Total Pentachlorobiphenyls 4,662 6,165 21,700
Vermilion Snapper Total Hexachlorobiphenyls 8,133 5,290 20,000
Vermilion Snapper Total Heptachlorobiphenyls 2,832 1,304 7,370
Vermilion Snapper Total Octachlorobiphenyls 833 390 2,170
Vermilion Snapper  Total Nonachlorobiphenyls 323 93 419
Vermilion Snapper 209 - Decachlorobiphenyl 53 8.1 34
Vermilion Snapper Total Polychlorinated Biphenyls 17,163 14,834 49,700
Black Sea Bass 105 - 2,3,3',4,4'-Pentachlorobiphenyl 338 1,214 2,060
Black Sea Bass 114 - 2,3,4,4',5-Pentachlorobiphenyl 20 76 188
Black Sea Bass 118 - 2,3',4,4',5-Pentachlorobiphenyl 1,072 3,946 9,390
Black Sea Bass 123 - 2',3,4,4' 5-Pentachlorobiphenyl 19 46 99
Black Sea Bass 126 - 3,3'4,4',5-Pentachlorobiphenyl 9.2 7.3 18
Black Sea Bass 156 - 2,3,3',4,4',5-Hexachlorobipheny! 226 472 1,050
Black Sea Bass 157 - 2,3,3',4,4' 5'-Hexachlorobiphenyl 61 118 253
Black Sea Bass 167 - 2,3'4,4',5,5'-Hexachlorobiphenyl 96 196 446
Black Sea Bass 169 - 3,3'4,4',5,5'-Hexachlorobiphenyl 29 3.2 11
Black Sea Bass 170 - 2,2',3,3',4,4' 5-Heptachlorobiphenyl 601 477 763
Black Sea Bass 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 1,842 1,157 2,160
Black Sea Bass 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 24 19 35
Black Sea Bass 77 - 3,3'4,4'-Tetrachlorobiphenyl 8.4 9.4 22
Black Sea Bass Total Monochlorobiphenyl 6.0 1.9 35
Black Sea Bass Total Dichlorobiphenyls 7.6 23 52
Black Sea Bass Total Trichlorobiphenyls 78 235 511

H:\REEFEX\Tables for report with comparison between Fl values

Page 1 of 2



Table 5-1

Target Vs. Reference Concentrations

PCBs in Fish

Reference Reef

Target Reef

Target Reef

Lognormal Average Maximum Detected
Fish Species Parameter 95% UTL (pg/g) Concentration (pg/g) Concentration (pg/g)

Black Sea Bass Total Tetrachlorobiphenyls 830 3,287 8,400
Black Sea Bass Total Pentachlorobiphenyls 3,163 14,940 36,000
Black Sea Bass Total Hexachlorobiphenyls 9,070 15,407 32,600
Black Sea Bass Total Heptachlorobiphenyls 5,913 4,173 7,850
Black Sea Bass Total Octachlorobiphenyls 2,337 1,311 3,240
Black Sea Bass Total Nonachlorobiphenyls 912 379 1,110
Black Sea Bass 209 - Decachlorobiphenyl 167 60 148

Black Sea Bass Total Polychlorinated Biphenyls 21,365 39,809 88,600
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Table 5-2

Results of Wilcoxon Rank Test for Comparison of Means
Target vs Reference Reef PCB Fish Concentrations

Target Fish PCB Concentrations

Probability Statistically Differ from Reference Fish PCB
Fish Species Parameter (Prob>|Z]) Concentrations (95% Confidence Level)
White Grunt 105 - 2,3,3',4,4'-Pentachlorobipheny! <.0001 YES
White Grunt 114 - 2,3,4,4' 5-Pentachlorobiphenyl <.0001 YES
White Grunt 118 - 2,3',4,4' 5-Pentachlorobipheny! <.0001 YES
White Grunt 123 - 2',3,4,4' 5-Pentachlorobipheny! <.0001 YES
White Grunt 126 - 3,3',4,4' 5-Pentachlorobipheny! <.0001 YES
White Grunt 156 - 2,3,3',4,4',5-Hexachlorobiphenyl <.0001 YES
White Grunt 157 - 2,3,3',4,4' 5'-Hexachlorobiphenyl <.0001 YES
White Grunt 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl <.0001 YES
White Grunt 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <.0001 YES
White Grunt 170 - 2,2',3,3',4,4' 5-Heptachlorobiphenyl <.0001 YES
White Grunt 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl <.0001 YES
White Grunt 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl <.0001 YES
White Grunt 77 - 3,3',4,4"-Tetrachlorobiphenyl <.0001 YES
White Grunt Total Monochlorobiphenyl <.0001 YES
White Grunt Total Dichlorobiphenyls <.0001 YES
White Grunt Total Trichlorobiphenyls <.0001 YES
White Grunt Total Tetrachlorobiphenyls <.0001 YES
White Grunt Total Pentachlorobiphenyls <.0001 YES
White Grunt Total Hexachlorobiphenyls <.0001 YES
White Grunt Total Heptachlorobiphenyls <.0001 YES
White Grunt Total Octachlorobiphenyls <.0001 YES
White Grunt Total Nonachlorobiphenyls <.0001 YES
White Grunt 209 - Decachlorobiphenyl 0.0001 YES
White Grunt Total Polychlorinated Biphenyls <.0001 YES
Black Sea Bass 105 - 2,3,3',4,4'-Pentachlorobiphenyl <.0001 YES
Black Sea Bass 114 - 2,3,4,4' 5-Pentachlorobiphenyl <.0001 YES
Black Sea Bass 118 - 2,3',4,4',5-Pentachlorobiphenyl <.0001 YES
Black Sea Bass 123 - 2',3,4,4',5-Pentachlorobiphenyl <.0001 YES
Black Sea Bass 126 - 3,3',4,4',5-Pentachlorobipheny! 0.0004 YES
Black Sea Bass 156 - 2,3,3',4,4',5-Hexachlorobipheny! <.0001 YES
Black Sea Bass 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl <.0001 YES
Black Sea Bass 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl <.0001 YES
Black Sea Bass 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 0.0004 YES
Black Sea Bass 170 -2,2',3,3',4,4',5-Heptachlorobiphenyl 0.0001 YES
Black Sea Bass 180 -2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.0001 YES
Black Sea Bass 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 0.0001 YES
Black Sea Bass 77 - 3,3',4,4'-Tetrachlorobiphenyl <.0001 YES
Black Sea Bass Total Monochlorobiphenyl 0.0004 YES
Black Sea Bass Total Dichlorobiphenyls <.0001 YES
Black Sea Bass Total Trichlorobiphenyls <.0001 YES
Black Sea Bass Total Tetrachlorobiphenyls <.0001 YES
Black Sea Bass Total Pentachlorobiphenyls <.0001 YES
Black Sea Bass Total Hexachlorobiphenyls <.0001 YES
Black Sea Bass Total Heptachlorobiphenyls 0.0002 YES
Black Sea Bass Total Octachlorobiphenyls 0.0060 YES
Black Sea Bass Total Nonachlorobiphenyls 0.1543 NO
Black Sea Bass 209 - Decachlorobiphenyl 0.4956 NO
Black Sea Bass Total Polychlorinated Biphenyls <.0001 YES
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Fish Species

Table 5-2

Results of Wilcoxon Rank Test for Comparison of Means

Target vs Reference Reef PCB Fish Concentrations

Parameter

Probability
(Prob>|Z])

Target Fish PCB Concentrations

Statistically Differ from Reference Fish PCB
Concentrations (95% Confidence Level)

Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper
Vermilion Snapper

105 - 2,3,3',4,4'-Pentachlorobiphenyl
114 - 2,3,4,4' 5-Pentachlorobiphenyl

118 - 2,3',4,4' 5-Pentachlorobiphenyl
123 - 2',3,4,4' 5-Pentachlorobiphenyl
126 - 3,3',4,4',5-Pentachlorobiphenyl
156 - 2,3,3',4,4',5-Hexachlorobiphenyl
157 - 2,3,3',4,4' 5'-Hexachlorobiphenyl
167 - 2,3',4,4',5,5'-Hexachlorobiphenyl
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4' 5-Heptachlorobiphenyl
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl
77 - 3,3',4,4'-Tetrachlorobiphenyl

Total Monochlorobiphenyl

Total Dichlorobiphenyls

Total Trichlorobiphenyls

Total Tetrachlorobiphenyls

Total Pentachlorobiphenyls

Total Hexachlorobiphenyls

Total Heptachlorobiphenyls

Total Octachlorobiphenyls

Total Nonachlorobiphenyls

209 - Decachlorobiphenyl

Total Polychlorinated Biphenyls

<.0001
<.0001
<.0001
0.0003
0.0275
0.0234
0.1244
0.0572
0.4349
0.5882
0.9799
0.3077
0.5045
0.0010
0.0048
<.0001
<.0001
<.0001
0.0073
0.8305
0.1819
0.0019
0.0004
0.0001
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YES
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YES
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NO
NO
NO
NO
NO
NO
NO
YES
YES
YES
YES
YES
YES
NO
NO
YES
YES
YES
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Table 5-3

Exposure Point Concentrations

PCBs in Fish

Average Calculated Statistical Method
Concentration 95% UCL for 95% UCL
Fish Group Parameter (mg/kg) (mg/kg) Calculation
Sea Bass-Reference Reef 105 - 2,3,3',4,4'-Pentachlorobiphenyl 1.02E-04 1.30E-04 Standard Bootstrap
Sea Bass-Reference Reef 114 - 2,3,4,4',5-Pentachlorobiphenyl 5.64E-06 7.21E-06  Standard Bootstrap
Sea Bass-Reference Reef 118 - 2,3',4,4',5-Pentachlorobiphenyl 3.17E-04 417E-04 Standard Bootstrap
Sea Bass-Reference Reef 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.97E-06 5.26E-06 H-Statistic
Sea Bass-Reference Reef 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.23E-06 2.94E-06 H-Statistic
Sea Bass-Reference Reef 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 6.35E-05 8.99E-05 Standard Bootstrap
Sea Bass-Reference Reef 157 - 2,3,3',4,4' 5'-Hexachlorobiphenyl 1.76E-05 2.41E-05 Standard Bootstrap
Sea Bass-Reference Reef 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.56E-05 3.51E-05 Standard Bootstrap
Sea Bass-Reference Reef 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 9.48E-07 1.11E-06 t-Statistic
Sea Bass-Reference Reef 170 - 2,2',3,3',4,4' 5-Heptachlorobiphenyl 1.49E-04 2.36E-04  Jackknife
Sea Bass-Reference Reef 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 4.42E-04 7.32E-04  Jackknife
Sea Bass-Reference Reef 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 6.36E-06 9.66E-06 Jackknife
Sea Bass-Reference Reef 77 - 3,3',4,4'-Tetrachlorobiphenyl 1.18E-06 2.25E-06 H-Statistic
Sea Bass-Reference Reef Total Monochlorobiphenyl 7.36E-07 9.31E-07 t-Statistic
Sea Bass-Reference Reef Total Dichlorobiphenyls 2.50E-06 3.03E-06 H-Statistic
Sea Bass-Reference Reef Total Trichlorobiphenyls 9.78E-06 1.44E-05 Jackknife
Sea Bass-Reference Reef Total Tetrachlorobiphenyls 1.12E-04 2.35E-04 H-Statistic
Sea Bass-Reference Reef Total Pentachlorobiphenyls 8.43E-04 1.10E-03 Standard Bootstrap
Sea Bass-Reference Reef Total Hexachlorobiphenyls 2.43E-03 3.41E-03 Standard Bootstrap
Sea Bass-Reference Reef Total Heptachlorobiphenyls 1.50E-03 2.32E-03  Jackknife
Sea Bass-Reference Reef Total Octachlorobiphenyls 6.23E-04 8.38E-04 Standard Bootstrap
Sea Bass-Reference Reef Total Nonachlorobiphenyls 2.55E-04 3.27E-04 Standard Bootstrap
Sea Bass-Reference Reef 209 - Decachlorobiphenyl 4.70E-05 5.89E-05 H-Statistic
Sea Bass-Reference Reef Total Polychlorinated Biphenyls 5.83E-03 8.12E-03 Standard Bootstrap
Sea Bass-Target Reef 105 - 2,3,3',4,4'-Pentachlorobiphenyl 1.21E-03 1.54E-03 t-Statistic
Sea Bass-Target Reef 114 - 2,3,4,4',5-Pentachlorobiphenyl 7.55E-05 1.02E-04 t-Statistic
Sea Bass-Target Reef 118 - 2,3',4,4',5-Pentachlorobiphenyl 3.95E-03 5.27E-03 t-Statistic
Sea Bass-Target Reef 123 - 2',3,4,4',5-Pentachlorobiphenyl 4.60E-05 6.06E-05 t-Statistic
Sea Bass-Target Reef 126 - 3,3',4,4',5-Pentachlorobiphenyl 7.33E-06 1.26E-05 H-Statistic
Sea Bass-Target Reef 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 4.72E-04 6.35E-04 t-Statistic
Sea Bass-Target Reef 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 1.18E-04 1.55E-04 t-Statistic
Sea Bass-Target Reef 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 1.96E-04 2.60E-04 t-Statistic
Sea Bass-Target Reef 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 3.18E-06 5.64E-06 H-Statistic
Sea Bass-Target Reef 170 - 2,2',3,3',4,4' 5-Heptachlorobiphenyl 4.77E-04 6.08E-04 t-Statistic
Sea Bass-Target Reef 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 1.16E-03 1.50E-03 t-Statistic
Sea Bass-Target Reef 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 1.92E-05 2.48E-05 t-Statistic
Sea Bass-Target Reef 77 - 3,3',4,4'-Tetrachlorobiphenyl 9.36E-06 1.29E-05 t-Statistic
Sea Bass-Target Reef Total Monochlorobiphenyl 1.94E-06 2.38E-06 t-Statistic
Sea Bass-Target Reef Total Dichlorobiphenyls 2.25E-05 2.96E-05 t-Statistic
Sea Bass-Target Reef Total Trichlorobiphenyls 2.35E-04 3.11E-04 t-Statistic
Sea Bass-Target Reef Total Tetrachlorobiphenyls 3.29E-03 4.44E-03 t-Statistic
Sea Bass-Target Reef Total Pentachlorobiphenyls 1.49E-02 2.00E-02 t-Statistic
Sea Bass-Target Reef Total Hexachlorobiphenyls 1.54E-02 2.01E-02 t-Statistic
Sea Bass-Target Reef Total Heptachlorobiphenyls 4.17E-03 5.48E-03 t-Statistic
Sea Bass-Target Reef Total Octachlorobiphenyls 1.31E-03 2.32E-03 H-Statistic
Sea Bass-Target Reef Total Nonachlorobiphenyls 3.79E-04 6.50E-04 H-Statistic
Sea Bass-Target Reef 209 - Decachlorobiphenyl 6.00E-05 8.20E-05 t-Statistic
Sea Bass-Target Reef Total Polychlorinated Biphenyls 3.98E-02 5.22E-02 t-Statistic
White Grunt-Reference Reef 105 - 2,3,3',4,4'-Pentachlorobiphenyl 1.64E-04 3.11E-04 Standard Bootstrap
White Grunt-Reference Reef 114 - 2,3,4,4',5-Pentachlorobiphenyl 9.98E-06 1.88E-05 Standard Bootstrap
White Grunt-Reference Reef 118 - 2,3',4,4',5-Pentachlorobiphenyl 4.79E-04 8.80E-04 Standard Bootstrap
White Grunt-Reference Reef 123 - 2',3,4,4',5-Pentachlorobiphenyl 4.75E-06 5.84E-06 Jackknife
White Grunt-Reference Reef 126 - 3,3',4,4',5-Pentachlorobiphenyl 9.91E-07 1.61E-06 Jackknife
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Table 5-3

Exposure Point Concentrations

PCBs in Fish

Average Calculated Statistical Method
Concentration 95% UCL for 95% UCL
Fish Group Parameter (mg/kg) (mg/kg) Calculation

White Grunt-Reference Reef 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 6.41E-05 1.18E-04 Standard Bootstrap
White Grunt-Reference Reef 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 1.69E-05 2.24E-05 Jackknife
White Grunt-Reference Reef 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.57E-05 4.40E-05 Standard Bootstrap
White Grunt-Reference Reef 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 1.75E-07 2.32E-07 Standard Bootstrap
White Grunt-Reference Reef 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 6.45E-05 8.55E-05 Jackknife
White Grunt-Reference Reef 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 1.53E-04 2.06E-04 Jackknife
White Grunt-Reference Reef 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 3.51E-06 5.00E-06 Jackknife
White Grunt-Reference Reef 77 - 3,3',4,4'-Tetrachlorobiphenyl 1.11E-06 1.71E-06  Jackknife
White Grunt-Reference Reef Total Monochlorobiphenyl 3.71E-07 4 .57E-07 Pivitol (t) Bootstrap
White Grunt-Reference Reef Total Dichlorobiphenyls 3.09E-06 4.06E-06 Standard Bootstrap
White Grunt-Reference Reef Total Trichlorobiphenyls 2.06E-05 3.00E-05 H-Statistic
White Grunt-Reference Reef Total Tetrachlorobiphenyls 1.93E-04 3.95E-04 Jackknife
White Grunt-Reference Reef Total Pentachlorobiphenyls 1.40E-03 2.71E-03 Standard Bootstrap
White Grunt-Reference Reef Total Hexachlorobiphenyls 1.70E-03 2.80E-03 Standard Bootstrap
White Grunt-Reference Reef Total Heptachlorobiphenyls 4.16E-04 5.61E-04 Jackknife
White Grunt-Reference Reef Total Octachlorobiphenyls 1.57E-04 2.09E-04 Jackknife
White Grunt-Reference Reef Total Nonachlorobiphenyls 7.41E-05 1.06E-04 H-Statistic
White Grunt-Reference Reef 209 - Decachlorobiphenyl 1.48E-05 1.96E-05 H-Statistic
White Grunt-Reference Reef Total Polychlorinated Biphenyls 3.99E-03 6.86E-03 Standard Bootstrap
White Grunt-Target Reef 105 - 2,3,3',4,4'-Pentachlorobiphenyl 1.04E-02 1.56E-02 Standard Bootstrap
White Grunt-Target Reef 114 - 2,3,4,4',5-Pentachlorobiphenyl 6.73E-04 1.03E-03 Standard Bootstrap
White Grunt-Target Reef 118 - 2,3',4,4",5-Pentachlorobiphenyl 3.03E-02 4.69E-02 Standard Bootstrap
White Grunt-Target Reef 123 - 2',3,4,4',5-Pentachlorobiphenyl 3.35E-04 5.46E-04 Jackknife
White Grunt-Target Reef 126 - 3,3',4,4',5-Pentachlorobiphenyl 1.14E-05 1.33E-05 Standard Bootstrap
White Grunt-Target Reef 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 4.46E-03 6.63E-03 Standard Bootstrap
White Grunt-Target Reef 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 8.79E-04 1.30E-03 Standard Bootstrap
White Grunt-Target Reef 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 1.60E-03 2.47E-03 Standard Bootstrap
White Grunt-Target Reef 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 6.43E-06 5.40E-06 Standard Bootstrap
White Grunt-Target Reef 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 3.41E-03 5.59E-03 Jackknife
White Grunt-Target Reef 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 1.10E-02 1.81E-02 Jackknife
White Grunt-Target Reef 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 1.74E-04 2.87E-04 Jackknife
White Grunt-Target Reef 77 - 3,3',4,4'-Tetrachlorobiphenyl 6.02E-05 9.73E-05 Jackknife
White Grunt-Target Reef Total Monochlorobiphenyl 2.44E-06 3.57E-06  Jackknife
White Grunt-Target Reef Total Dichlorobiphenyls 1.21E-04 1.74E-04  Jackknife
White Grunt-Target Reef Total Trichlorobiphenyls 2.32E-03 4.16E-03 Jackknife
White Grunt-Target Reef Total Tetrachlorobiphenyls 2.88E-02 4.77E-02 Jackknife
White Grunt-Target Reef Total Pentachlorobiphenyls 1.08E-01 1.63E-01 Standard Bootstrap
White Grunt-Target Reef Total Hexachlorobiphenyls 1.19E-01 1.91E-01  Jackknife
White Grunt-Target Reef Total Heptachlorobiphenyls 3.07E-02 5.10E-02 Jackknife
White Grunt-Target Reef Total Octachlorobiphenyls 1.21E-02 2.01E-02 Jackknife
White Grunt-Target Reef Total Nonachlorobiphenyls 2.04E-03 3.18E-03 Jackknife
White Grunt-Target Reef 209 - Decachlorobiphenyl 8.05E-05 1.16E-04  Jackknife
White Grunt-Target Reef Total Polychlorinated Biphenyls 3.03E-01 4.56E-01 Standard Bootstrap
Vermillion Snapper-Reference Reef 105 - 2,3,3',4,4'-Pentachlorobiphenyl 1.65E-04 1.87E-04 H-Statistic
Vermillion Snapper-Reference Reef 114 - 2,3,4,4',5-Pentachlorobiphenyl 9.03E-06 1.02E-05 t-Statistic
Vermillion Snapper-Reference Reef 118 - 2,3',4,4',5-Pentachlorobiphenyl 4.72E-04 5.49E-04 H-Statistic
Vermillion Snapper-Reference Reef 123 - 2',3,4,4',5-Pentachlorobiphenyl 7.99E-06 9.04E-06 H-Statistic
Vermillion Snapper-Reference Reef 126 - 3,3',4,4',5-Pentachlorobiphenyl 3.01E-06 3.39E-06 t-Statistic
Vermillion Snapper-Reference Reef 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 8.07E-05 9.19E-05 t-Statistic
Vermillion Snapper-Reference Reef 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.20E-05 2.51E-05 H-Statistic
Vermillion Snapper-Reference Reef 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 3.64E-05 4.28E-05 H-Statistic
Vermillion Snapper-Reference Reef 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5.69E-07 5.96E-07 Standard Bootstrap
Vermillion Snapper-Reference Reef 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 1.02E-04 1.26E-04 H-Statistic
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Table 5-3

Exposure Point Concentrations

PCBs in Fish

Average Calculated Statistical Method
Concentration 95% UCL for 95% UCL
Fish Group Parameter (mg/kg) (mg/kg) Calculation
Vermillion Snapper-Reference Reef 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.94E-04 3.62E-04 H-Statistic
Vermillion Snapper-Reference Reef 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 5.66E-06 6.45E-06 t-Statistic
Vermillion Snapper-Reference Reef 77 - 3,3',4,4'-Tetrachlorobiphenyl 6.81E-06 8.71E-06 Hall's t-Bootstrap
Vermillion Snapper-Reference Reef Total Monochlorobiphenyl 8.28E-07 1.01E-06 Standard Bootstrap
Vermillion Snapper-Reference Reef Total Dichlorobiphenyls 1.39E-05 1.56E-05 t-Statistic
Vermillion Snapper-Reference Reef Total Trichlorobiphenyls 7.31E-05 8.61E-05 H-Statistic
Vermillion Snapper-Reference Reef Total Tetrachlorobiphenyls 3.90E-04 4.62E-04 Standard Bootstrap
Vermillion Snapper-Reference Reef Total Pentachlorobiphenyls 1.99E-03 2.27E-03 H-Statistic
Vermillion Snapper-Reference Reef Total Hexachlorobiphenyls 3.03E-03 3.55E-03 H-Statistic
Vermillion Snapper-Reference Reef Total Heptachlorobiphenyls 9.88E-04 1.17E-03 H-Statistic
Vermillion Snapper-Reference Reef Total Octachlorobiphenyls 3.43E-04 3.87E-04 t-Statistic
Vermillion Snapper-Reference Reef Total Nonachlorobiphenyls 1.22E-04 1.39E-04 t-Statistic
Vermillion Snapper-Reference Reef 209 - Decachlorobiphenyl 1.41E-05 1.78E-05 H-Statistic
Vermillion Snapper-Reference Reef Total Polychlorinated Biphenyls 6.96E-03 8.02E-03 H-Statistic
Vermillion Snapper-Target Reef 105 - 2,3,3',4,4'-Pentachlorobiphenyl 4.64E-04 6.18E-04 Standard Bootstrap
Vermillion Snapper-Target Reef 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.64E-05 3.58E-05 Standard Bootstrap
Vermillion Snapper-Target Reef 118 - 2,3',4,4',5-Pentachlorobiphenyl 1.28E-03 1.73E-03 Standard Bootstrap
Vermillion Snapper-Target Reef 123 - 2',3,4,4',5-Pentachlorobiphenyl 1.79E-05 2.49E-05 Standard Bootstrap
Vermillion Snapper-Target Reef 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.77E-06 3.72E-06 Standard Bootstrap
Vermillion Snapper-Target Reef 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 1.51E-04 2.09E-04 Standard Bootstrap
Vermillion Snapper-Target Reef 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 3.49E-05 4.67E-05 Standard Bootstrap
Vermillion Snapper-Target Reef 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 6.00E-05 7.90E-05 Standard Bootstrap
Vermillion Snapper-Target Reef 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 6.96E-07 1.01E-06 Standard Bootstrap
Vermillion Snapper-Target Reef 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 1.37E-04 1.96E-04 Standard Bootstrap
Vermillion Snapper-Target Reef 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 3.82E-04 5.61E-04 Standard Bootstrap
Vermillion Snapper-Target Reef 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 6.09E-06 7.92E-06 Standard Bootstrap
Vermillion Snapper-Target Reef 77 - 3,3',4,4'-Tetrachlorobiphenyl 6.73E-06 8.41E-06 Pivitol (t) Bootstrap
Vermillion Snapper-Target Reef Total Monochlorobiphenyl 1.45E-06 1.65E-06 t-Statistic
Vermillion Snapper-Target Reef Total Dichlorobiphenyls 1.76E-05 1.95E-05 t-Statistic
Vermillion Snapper-Target Reef Total Trichlorobiphenyls 1.49E-04 1.64E-04 t-Statistic
Vermillion Snapper-Target Reef Total Tetrachlorobiphenyls 1.42E-03 1.69E-03 Standard Bootstrap
Vermillion Snapper-Target Reef Total Pentachlorobiphenyls 6.17E-03 7.95E-03 Standard Bootstrap
Vermillion Snapper-Target Reef Total Hexachlorobiphenyls 5.29E-03 6.86E-03 Standard Bootstrap
Vermillion Snapper-Target Reef Total Heptachlorobiphenyls 1.30E-03 1.82E-03 Standard Bootstrap
Vermillion Snapper-Target Reef Total Octachlorobiphenyls 3.90E-04 5.35E-04 Standard Bootstrap
Vermillion Snapper-Target Reef Total Nonachlorobiphenyls 9.33E-05 1.22E-04 Standard Bootstrap
Vermillion Snapper-Target Reef 209 - Decachlorobiphenyl 8.10E-06 1.06E-05 Standard Bootstrap
Vermillion Snapper-Target Reef Total Polychlorinated Biphenyls 1.48E-02 1.91E-02 Standard Bootstrap
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Table 5-4
Deterministic Risk Evaluation
Consumption of Fish Caught at Reference and Target Reefs
Reasonable Maximum Exposure Scenario
Navy REEFEX Program

Estimated Non-carcinogenic Hazard:" Estimated Carcinogenic Risk:

White Grunt  White Grunt  Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper Cancer White Grunt  White Grunt Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper
Parameter Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef Slope Factor Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef
Total Monochlorobiphenyl 0.000007 0.0000009 0.000004 0.000002 0.000003 0.000002 0.4 1.56E-11 2.00E-12 1.04E-11 4.06E-12 7.20E-12 4.41E-12
Total Dichlorobiphenyls 0.0003 0.000008 0.00006 0.000006 0.00004 0.00003 0.4 7.60E-10 1.77E-11 1.29E-10 1.32E-11 8.51E-11 6.81E-11
Total Trichlorobiphenyls 0.008 0.00006 0.0006 0.00003 0.0003 0.0002 2 9.08E-08 6.55E-10 6.79E-09 3.14E-10 3.58E-09 1.88E-09
Total Tetrachlorobiphenyls 0.09 0.0007 0.008 0.0004 0.003 0.0009 2 1.04E-06 8.62E-09 9.69E-08 5.13E-09 3.69E-08 1.01E-08
Total Pentachlorobiphenyls 0.3 0.005 0.04 0.002 0.02 0.004 2 3.56E-06 5.92E-08 4.37E-07 2.40E-08 1.74E-07 4 96E-08
Total Hexachlorobiphenyls 0.4 0.005 0.04 0.006 0.01 0.007 2 4.17E-06 6.11E-08 4.39E-07 7.44E-08 1.50E-07 7.75E-08
Total Heptachlorobiphenyls 0.1 0.001 0.01 0.004 0.003 0.002 2 1.11E-06 1.22E-08 1.20E-07 5.06E-08 3.97E-08 2.55E-08
Total Octachlorobiphenyls 0.04 0.0004 0.004 0.002 0.001 0.0007 2 4.39E-07 4. 56E-09 5.06E-08 1.83E-08 1.17E-08 8.45E-09
Total Nonachlorobiphenyls 0.006 0.0002 0.01 0.0006 0.0002 0.0003 2 6.94E-08 2.31E-09 1.42E-08 7.14E-09 2.66E-09 3.03E-09
209 - Decachlorobiphenyl 0.0002 0.00004 0.0002 0.0001 0.00002 0.00003 2 2.53E-09 4.28E-10 1.79E-09 1.29E-09 2.31E-10 3.89E-10
Total Hazard/Risk” 0.9 0.01 0.1 0.02 0.04 0.02 1.05E-05 1.49E-07 1.17E-06 1.81E-07 4.19E-07 1.77E-07
Total Hazard/Risk’ 1.0 0.01 0.1 0.02 0.04 0.02 1.15E-05 1.64E-07 1.28E-06 1.99E-07 4.61E-07 1.94E-07
Total Polychlorinated Biphenyls® 0.9 0.01 0.1 0.02 0.04 0.02 2 9.96E-06 1.50E-07 1.14E-06 1.77E-07 4.17E-07 1.75E-07
Total Polychlorinated Biphenyls® 1.0 0.01 0.1 0.02 0.04 0.02 2 1.10E-05 1.65E-07 1.25E-06 1.95E-07 4.59E-07 1.93E-07

'Reference dose based on Aroclor 1254 (2.0x10° mg/kg/day)
%Fraction Ingested (FI) value assumed was 0.1
®Fl value assumed was 0.11

“Differences between results for total polychlorinated biphenyls and summation of homologue groups are due to rounding differences as reported by the laboratory; Fl value assumed was 0.1

®Same as footnote (4), but the FI value assumed was 0.11
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Table 5-5

Navy REEFEX Program

Deterministic Risk Evaluation
Consumption of Fish Caught at Reference and Target Reefs
Average Exposure Scenario

Estimated Non-carcinogenic Hazard:' Estimated Carcinogenic Risk:
White Grunt White Grunt Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper Cancer White Grunt White Grunt Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper
Parameter Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef Slope Factor Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef
Total Monochlorobiphenyl 0.000001 0.0000002 0.000001 0.0000004 0.0000008 0.0000005 0.4 1.21E-12 1.84E-13 9.63E-13 3.65E-13 7.20E-13 4.11E-13
Total Dichlorobiphenyls 0.00007 0.000002 0.00001 0.000001 0.00001 0.000008 0.4 6.00E-11 1.53E-12 1.12E-11 1.24E-12 8.73E-12 6.90E-12
Total Trichlorobiphenyls 0.001 0.00001 0.0001 0.000005 0.0001 0.00004 2 5.76E-09 5.11E-11 5.83E-10 2.43E-11 3.70E-10 1.81E-10
Total Tetrachlorobiphenyls 0.02 0.0001 0.002 0.00006 0.0008 0.0002 2 7.15E-08 4.79E-10 8.16E-09 2.78E-10 3.52E-09 9.68E-10
Total Pentachlorobiphenyls 0.06 0.0008 0.008 0.0005 0.003 0.001 2 2.68E-07 3.47E-09 3.70E-08 2.09E-09 1.53E-08 4.94E-09
Total Hexachlorobiphenyls 0.07 0.0009 0.009 0.001 0.003 0.002 2 2.95E-07 4.22E-09 3.82E-08 6.03E-09 1.31E-08 7.52E-09
Total Heptachlorobiphenyls 0.02 0.0002 0.002 0.0008 0.0007 0.0006 2 7.62E-08 1.03E-09 1.03E-08 3.72E-09 3.23E-09 2.45E-09
Total Octachlorobiphenyls 0.007 0.00009 0.0007 0.0003 0.0002 0.0002 2 3.00E-08 3.90E-10 3.25E-09 1.55E-09 9.68E-10 8.51E-10
Total Nonachlorobiphenyls 0.001 0.00004 0.0002 0.0001 0.00005 0.00007 2 5.06E-09 1.84E-10 9.40E-10 6.33E-10 2.32E-10 3.03E-10
209 - Decachlorobiphenyl 0.00004 0.000008 0.00003 0.00003 0.000005 0.000008 2 2.00E-10 3.67E-11 1.49E-10 1.17E-10 2.01E-11 3.50E-11
Total Hazard/Risk’ 0.2 0.002 0.02 0.003 0.008 0.004 7.52E-07 9.86E-09 9.86E-08 1.44E-08 3.67E-08 1.73E-08
Total Hazard/Risk® 0.3 0.003 0.03 0.004 0.011 0.006 1.05E-06 1.38E-08 1.38E-07 2.02E-08 5.14E-08 2.42E-08
Total Polychlorinated Biphenyls’ 0.2 0.002 0.02 0.003 0.008 0.004 2 7.52E-07 9.90E-09 9.88E-08 1.45E-08 3.67E-08 1.73E-08
Total Polychlorinated Biphenyls’ 0.3 0.003 0.03 0.004 0.011 0.006 2 1.05E-06 1.39E-08 1.38E-07 2.03E-08 5.14E-08 2.422E-08

"Reference dose based on Aroclor 1254 (2.0x10° mg/kg/day)

2Fraction Ingested (Fl) value assumed was 0.1

3Fl value assumed was 0.14

“Differences between results for total polychlorinated biphenyls and summation of homologue groups are due to rounding differences as reported by the laboratory; Fl value assumed was 0.1
5Same as footnote (4), but the FI value assumed was 0.14
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Table 5-6

Deterministic Risk Evaluation
Consumption of Fish Caught at Reference and Target Reefs

Reasonable Maximum Exposure Scenario

Navy REEFEX Program

Estimated Non-carcinogenic Hazard:'

Estimated Carcinogenic Risk:

White Grunt White Grunt Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper Cancer White Grunt White Grunt Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper
Parameter Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef Slope Factor Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef
105 - 2,3,3',4,4'-Pentachlorobipheny! 0.03 0.0006 0.003 0.0002 0.001 0.0004 15 2.55E-06 5.09E-08 2.52E-07 2.13E-08 1.01E-07 3.06E-08
114 - 2,3,4,4' 5-Pentachlorobiphenyl 0.002 0.00004 0.0002 0.00001 0.00007 0.00002 75 8.43E-07 1.54E-08 8.35E-08 5.90E-09 2.93E-08 8.35E-09
118 - 2,3',4,4',5-Pentachlorobipheny! 0.09 0.002 0.01 0.0008 0.003 0.001 15 7.68E-06 1.44E-07 8.63E-07 6.83E-08 2.83E-07 8.99E-08
123 - 2,3,4,4',5-Pentachlorobipheny! 0.001 0.00001 0.0001 0.00001 0.00005 0.00002 15 8.94E-08 9.56E-10 9.92E-09 8.61E-10 4.08E-09 1.48E-09
126 - 3,3',4,4',5-Pentachlorobipheny! 0.00003 0.000003 0.00002 0.000006 0.000007 0.000006 15000 2.18E-06 2.64E-07 2.06E-06 4.81E-07 6.09E-07 5.55E-07
156 - 2,3,3',4,4',5-Hexachlorobipheny! 0.01 0.0002 0.001 0.0002 0.0004 0.0002 75 5.43E-06 9.66E-08 5.20E-07 7.36E-08 1.71E-07 7.52E-08
157 - 2,3,3',4,4',5'-Hexachlorobipheny! 0.002 0.00004 0.0003 0.00005 0.00009 0.00005 75 1.06E-06 1.83E-08 1.27E-07 1.97E-08 3.82E-08 2.05E-08
167 - 2,3',4,4',5,5'-Hexachlorobipheny! 0.005 0.00008 0.0005 0.00007 0.0001 0.00008 15 4.04E-08 7.20E-10 4.26E-09 5.75E-10 1.29E-09 7.01E-10
169 - 3,3',4,4',5,5'-Hexachlorobipheny! 0.00001 0.0000004 0.00001 0.000002 0.000002 0.000001 1500 8.84E-08 3.80E-09 9.23E-08 1.82E-08 1.65E-08 9.76E-09
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.01 0.0002 0.001 0.0004 0.0004 0.0002 15 9.15E-07 1.40E-08 9.96E-08 3.86E-08 3.21E-08 2.06E-08
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.03 0.0004 0.003 0.001 0.001 0.0007 15 2.96E-07 3.37E-09 2.46E-08 1.20E-08 9.19E-09 5.93E-09
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 0.0005 0.000009 0.00005 0.00002 0.00001 0.00001 15 4.70E-08 8.19E-10 4.06E-09 1.58E-09 1.30E-09 1.06E-09
77 - 3,3',4,4'-Tetrachlorobiphenyl 0.0002 0.000003 0.00002 0.000004 0.00002 0.00002 75 7.97E-08 6.88E-09 1.06E-08 1.84E-09 6.88E-09 7.13E-09
Total Hazard/Risk’ 0.2 0.003 0.02 0.003 0.007 0.003 2.13E-05 6.20E-07 4.15E-06 7.43E-07 1.30E-06 8.26E-07
Total Hazard/Risk® 0.2 0.003 0.02 0.003 0.008 0.003 2.34E-05 6.82E-07 4.57E-06 8.18E-07 1.43E-06 9.09E-07

"Reference dose based on Aroclor 1254 (2.0)(105 mg/kg/day)
2Fraction Ingested (FI) value assumed was 0.1

*Fl value assumed was 0.11
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Table 5-7

Deterministic Risk Evaluation
Consumption of Fish Caught at Reference and Target Reefs
Average Exposure Scenario

Navy REEFEX Program

Estimated Non-carcinogenic Hazard:'

Estimated Carcinogenic Risk:

White Grunt White Grunt Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper Cancer White Grunt White Grunt Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper

Parameter Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef Slope Factor Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef
105 - 2,3,3',4,4'-Pentachlorobipheny! 0.006 0.00009 0.0007 0.00006 0.0003 0.00009 15 1.94E-07 3.05E-09 2.25E-08 1.90E-09 8.64E-09 3.07E-09
114 - 2,3,4,4' 5-Pentachlorobiphenyl 0.0004 0.000006 0.00004 0.000003 0.00001 0.000005 75 6.26E-08 9.29E-10 7.03E-09 5.25E-10 2.46E-09 8.40E-10
118 - 2,3',4,4',5-Pentachlorobipheny! 0.02 0.0003 0.002 0.0002 0.0007 0.0003 15 5.64E-07 8.91E-09 7.35E-08 5.90E-09 2.38E-08 8.78E-09
123 - 2,3,4,4',5-Pentachlorobipheny! 0.0002 0.000003 0.00003 0.000002 0.00001 0.000004 15 6.23E-09 8.84E-11 8.56E-10 5.53E-11 3.33E-10 1.49E-10
126 - 3,3',4,4',5-Pentachlorobipheny! 0.000006 0.0000006 0.000004 0.000001 0.000002 0.000002 15000 2.12E-07 1.84E-08 1.36E-07 4.15E-08 5.16E-08 5.60E-08
156 - 2,3,3',4,4',5-Hexachlorobipheny! 0.002 0.00004 0.0003 0.00004 0.00008 0.00005 75 4.15E-07 5.96E-09 4.39E-08 5.91E-09 1.41E-08 7.51E-09
157 - 2,3,3',4,4',5'-Hexachlorobipheny! 0.0005 0.000009 0.00007 0.00001 0.00002 0.00001 75 8.18E-08 1.57E-09 1.10E-08 1.64E-09 3.25E-09 2.05E-09
167 - 2,3',4,4',5,5'-Hexachlorobipheny! 0.0009 0.00001 0.0001 0.00001 0.00003 0.00002 15 2.98E-09 4.78E-11 3.65E-10 4.76E-11 1.12E-10 6.77E-11
169 - 3,3',4,4',5,5'-Hexachlorobipheny! 0.000004 0.0000001 0.000002 0.0000005 0.0000004 0.0000003 1500 1.20E-08 3.26E-10 5.92E-09 1.76E-09 1.30E-09 1.06E-09
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.002 0.00004 0.0003 0.00008 0.00008 0.00006 15 6.35E-08 1.20E-09 8.88E-09 2.77E-09 2.55E-09 1.90E-09
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.006 0.00009 0.0006 0.0002 0.0002 0.0002 15 2.05E-08 2.85E-10 2.16E-09 8.23E-10 7.11E-10 5.47E-10
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 0.01 0.000002 0.00001 0.000004 0.000003 0.000003 15 3.24E-09 6.53E-11 3.57E-10 1.18E-10 1.13E-10 1.05E-10
77 - 3,3',4,4'-Tetrachlorobiphenyl 0.00003 0.0000006 0.000005 0.0000007 0.000004 0.000004 75 5.60E-09 1.03E-10 8.71E-10 1.10E-10 6.26E-10 6.34E-10
Total Hazard/Risk’ 0.04 0.0006 0.004 0.0006 0.001 0.0007 1.64E-06 4.09E-08 3.13E-07 6.31E-08 1.10E-07 8.27E-08
Total Hazard/Risk® 0.06 0.0008 0.006 0.0009 0.002 0.0010 2.30E-06 5.73E-08 4.39E-07 8.83E-08 1.53E-07 1.16E-07

"Reference dose based on Aroclor 1254 (2.0)(105 mg/kg/day)
2Fraction Igested (FI) value assumed was 0.1

*Fl value assumed was 0.14
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Table 5-8
Deterministic Risk Evaluation
Consumption of Fish Caught at Reference and Target Reefs
C i Carci ic Risk and N il ic Hazards for Homologue Groups
Reasonable Maximum Exposure Scenario
Navy REEFEX Program

Estimated Hazard + Carcinogenic
Cancer White Grunt White Grunt Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper
Parameter Slope Factor Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef
Total Monochlorobiphenyl 4 1.56E-10 2.00E-11 1.04E-10 4.06E-11 7.20E-11 441E-11
Total Dichlorobiphenyls 4 7.60E-09 1.77E-10 1.29E-09 1.32E-10 8.51E-10 6.81E-10
Total Trichlorobiphenyls 4 1.82E-07 1.31E-09 1.36E-08 6.29E-10 7.16E-09 3.76E-09
Total Tetrachlorobiphenyls 4 2.08E-06 1.72E-08 1.94E-07 1.03E-08 7.38E-08 2.02E-08
Total Pentachlorobiphenyls 4 7.12E-06 1.18E-07 8.73E-07 4.80E-08 3.47E-07 9.91E-08
Total Hexachlorobiphenyls 4 8.34E-06 1.22E-07 8.78E-07 1.49E-07 3.00E-07 1.55E-07
Total Heptachlorobiphenyls 4 2.23E-06 2.45E-08 2.39E-07 1.01E-07 7.95E-08 5.11E-08
Total Octachlorobiphenyls 4 8.78E-07 9.13E-09 1.01E-07 3.66E-08 2.34E-08 1.69E-08
Total Nonachlorobiphenyls 4 1.39E-07 4.63E-09 2.84E-08 1.43E-08 5.33E-09 6.07E-09
209 - Decachlorobiphenyl 4 5.06E-09 8.56E-10 3.58E-09 2.57E-09 4.63E-10 7.77E-10
Total Hazard/Risk' 2.10E-05 2.98E-07 2.33E-06 3.63E-07 8.38E-07 3.54E-07
Total Hazard/Risk’ 2.31E-05 3.28E-07 2.57E-06 3.99E-07 9.21E-07 3.89E-07
Total Polychlorinated Bipheny!® 4 1.99E-05 3.00E-07 2.28E-06 3.55E-07 8.34E-07 3.50E-07
Total Biphenyl* 4 2.19E-05 3.30E-07 251E-06 3.91E-07 9.17E-07 3.85E-07

"Fraction ingested (Fl) value assumed was 0.1

?Fl value assumed was 0.11

?Differences between results for total polychlorinated biphenyls and summation of homologue groups are due to rounding differences as reported by the Laboratory; Fl value assumed was 0.1
“sSame as footnote (3), but the Fl value assumed was 0.11
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Deterministic Risk Evaluation

Table 5-9

Consumption of Fish Caught at Reference and Target Reefs

C i Car

Risk and N

Average Exposure Scenario

Navy REEFEX Program

Hazards for Homologue Groups

Estimated Hazard + Carcinogenic

Cancer White Grunt White Grunt Black Sea Bass Black Sea Bass Vermilion Snapper Vermilion Snapper
Parameter Slope Factor Target Reef Reference Reef Target Reef Reference Reef Target Reef Reference Reef
Total Monochlorobiphenyl 4 121E-11 1.84E-12 9.63E-12 3.65E-12 7.20E-12 411E-12
Total Dichlorobiphenyls 4 6.00E-10 1.53E-11 1.12E-10 1.24E-11 8.73E-11 6.90E-11
Total Trichlorobiphenyls 4 1.15E-08 1.02E-10 1.17E-09 4.85E-11 7.39E-10 3.63E-10
Total Tetrachlorobiphenyls 4 1.43E-07 9.58E-10 1.63E-08 5.56E-10 7.05E-09 1.94E-09
Total Pentachlorobiphenyls 4 5.36E-07 6.95E-09 7.39E-08 4.18E-09 3.06E-08 9.88E-09
Total Hexachlorobiphenyls 4 591E-07 8.44E-09 7.64E-08 1.21E-08 2.63E-08 1.50E-08
Total Heptachlorobiphenyls 4 1.52E-07 2.06E-09 2.07E-08 7.44E-09 6.45E-09 4.90E-09
Total Octachlorobiphenyls 4 6.00E-08 7.79E-10 6.50E-09 3.09E-09 1.94E-09 1.70E-09
Total Nonachlorobiphenyls 4 1.01E-08 3.68E-10 1.88E-09 1.27E-09 4.63E-10 6.05E-10
209 - Decachlorobiphenyl 4 4.00E-10 7.34E-11 2.98E-10 2.33E-10 4.02E-11 7.00E-11
Total Hazard/Risk' 1.50E-06 1.97E-08 1.97E-07 2.89E-08 7.37E-08 3.45E-08
Total Hazard/Risk 2.11E-06 2.76E-08 2.76E-07 4.05E-08 1.03E-07 4.83E-08
Total Biphenyl® 4 1.50E-06 1.98E-08 1.98E-07 2.80E-08 7.34E-08 3.45E-08
Total Bipheny!* 4 2.10E-06 2.77€-08 277€-07 4.05E-08 1.03E-07 4.83E-08

"Fraction Ingested (Fl) value assumed was 0.1

?Fl value assumed was 0.14

“Differences between results for total polychlorinated biphenyls and summation of homologue groups are due to rounding differences as reported by the laboratory; Fl value assumed was 0.1

“Same as footnote (4), but the FI value assumed was 0.14
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| Appendix A
Response To EPA Comments - Human Health Risk Assessment Work Plan




RESPONSE 1u U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA) COMMEN. > ON

A Screening-Level Risk Evaluation of the Ecological and Human Health Risk of Using Former Naval Vessels to Construct Artificial Reefs on the Continental Shelf of the United

States (SCREEN-EX) (SPAWAR, December 1999) and

Levels of PCBs and Heavy Metals in Biota Found on Ex-Military Ships Used in Artificial Reefs (SDNR 1998)

RESPONSE TO COMMENTS FROM MS. LAURA CASEY

Thank you for your comments; please find the responses next to each comment or question.

COMMENT
A. Comments on SCREEN-EX proposal by Laura Casey, OPPTS

RESPONSE

1. Executive Summary, Background:

PCB Bulk Product Waste is not regulated by TSCA but by the 40 CFR 761

Comment acknowledged. We agree that there is a difference between TSCA, the
statute, and 40 CFR 761, the regulations promulgated under Section 6 of TSCA that
regulate the manufacture, processing, distribution, and use of PCBs. References to
regulations will be corrected in the introduction of the technical approach.

The technical corrections of June 24, 1999 only changed the title of 761.62(c) from
"Risk-based cleanup approval" to "Risk-based disposal approval”...

Comment acknowledged. Until the title of 40 CFR 761.62(c) was changed, it was
unclear to us whether the word "cleanup” applied to the Navy's proposed activity of
using ex-military ships to build artificial reefs.

2. Section 2.0, Background:

The second sentence should reflect this: "The U.S. EPA has stated that building reefs
with ex-Navy vessels would be regulated as a PCB Bulk Product Waste under 40 CFR
761.62(c)

Comment acknowledged. The sentence will be modified.

Are there no other non-Navy studies or reports on this activities? What were they and
why were they not relevant?

"Relevant studies” refers to studies that were specifically conducted to evaluate PCB
levels and potential releases from former Naval vessels. While there are very many
studies on the fate and effect of PCBs in the marine environment, no other studies are
currently available that were performed to evaluate the fate or effect of PCBs from
sunken Naval vessels.

I am not aware of any proposal [apparent regulatory approval] for the sinking of the
Spiegel Grove.

Comment acknowledged. In past conversations with EPA in the Technical Working
Group, we understood that there was a risk assessment process being conducted for the
Spiegel Grove. The statement is based on information obtained from the Spiegel Grove
web site (accessed in summer 1999) that the ship had been "cleared" for sinking "next
spring". Currently (accessed on February 15, 2000), the web site indicates that the ship
is awaiting cleanup before transit to Key Largo, Florida (www.spieglegrove.com).

The technical corrections of June 24, 1999 only changed the title ... to "Risk-based

disposal approval...

Comment acknowledged. The paragraph will be corrected.
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3. Section 4.2, Modeling Study:

Will your model take into account the effects of currents, tides and weather on a sunken
ship...the possibility that a reef may attract more varieties and numbers of sea life and
possibly expose a greater number of animals to exposure?

At this time, the model being developed for the Prospective Study takes into account the
effect of average environmental conditions which are a function of current, tides, and
weather. A sensitivity analysis will be performed to identify parameters that are key to
the model. The model will represent a steady-state/equilibrium condition, which
conservatively predicts PCB concentrations in broad functional groups. It takes into the
effect of bioconcentration and biomagnification through the food chain in the ecosystem
of a sunken-vessel artificial reef. As such, the model is capable of predicting the
potential bioaccumulation of PCBs in each compartment of the food chain and will be
representative of the types of sea life present on the reef. The model will not be able to
model the abundance and distribution of organisms present on the reef.

4. Risk Characterization:

Please provide sample calculations.

Risk characterization algorithms, parameters, and input values for the parameters will be
provided in the Risk Assessment Work Plan. PCBs and other chemical of concerns
(COQ), if any, will be identified in the COC selection process.

5. Appendix A, A.1.1, Study Area:

Please describe or provide more information on nonship artificial reefs.

As was presented by SCDNR in the March 1999 Technical Working Group Meeting,
artificial reefs may be composed of many types of materials including concrete from
bridge demolition projects, pre-fabricated concrete structures, as well as tires, armored
military vehicles, etc.

Are you looking at cars, tires, tanks, planes, or concrete blocks?

For the screening level risk assessment only a sunken vessel reef (target site) and a
natural reef (reference site) will be sampled; no additional types of artificial reefs will
be sampled. The supplemental fish sampling being conducted for the human health
assessment will entail collecting fish from both the target artificial reef and the reference
reef. The selection of reference and target reefs described herein will be subject to
review and approval by the Technical Working Group.

6. Appendix A, page |8, first paragraph:

Please explain what you mean by "difference". How large or small must the difference
be in order to require a human health risk assessment?

The PCB levels detected in fish caught in the target reef will be compared to those from
the reference reef to determine whether there is a statistical difference between the data
sets. For the Human Health Screening assessment, guidelines from the EPA Risk
Assessment Guidance for Superfund (RAGS) will be followed. Specifically, the 95-
percent upper tolerance limit (UTL) is developed using background data that provides,
on average, 95 percent of the distribution with a probability of 95 percent. This UTL is
the mean plus the product of a tolerance factor and the standard deviation. Depending
on the data distribution, the mean is either arithmetic or a geometric mean. If the
maximum PCB level detected in the target reef is below the UTL, it is unlikely that
PCB concentrations at the target reef are higher than the reference reef. Further
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evaluation, e.g., using an approach to detect a statistical significant and meaningful
difference between the two populations. may be warranted if the UTL is exceeded. Any
such statistical approach will be presented to the Technical Working Group for
evaluation in the Risk Assessment Work Plan. If the UTL is exceeded and/or there is a
statistically significant difference, the human health risk evaluation will proceed by: (1)
a comparison of the maximum detected PCB concentration in fish from the target reef
with the EPA published risk-based concentration (RBC) and, (2) performance of the
screening risk assessment, if the RBC is exceeded.

Please explain how PCB may be removed during cooking.

There is much uncertainty about the effects of food preservation and cooking on PCB
levels in fish. Several scientific studies (such as GLSFATF 1993, Puffer and Gossett
1983, Poston et al. 1991, Schecter et al. 1998, Sherer & Price 1993, and Zabic et al.
1979) have discussed the effects of cooking with respect to PCB concentrations in fish
tissue. Potential loss mechanisms include loss of fats during broiling, or dissolution of
PCBs in cooking oil. For the human health screening risk assessment, the high-end
(formerly known as reasonable maximum exposure) exposure risk will not include the
cooking reduction factor. Both the central tendency (average)-exposure risk and the
probabilistic risk may include such a factor in the risk characterization. Details of the
references used as input values for this factor would be provided m the Human Health
Risk Assessment Work Plan.

B. Comments on SCDNR Study on PCBs in Biota Found at Artificial Reefs and SCREEN-EX proposal by Dr. Linda Phillips, Versar, Inc.

Thank you for your comments, please find responses next to each question or comment.

SCDNR Document

I. The FDA action level of 2 ppm may not be a risk-based value that would be
considered protective of human health....an RBC of 0.005 mgkg (ppm) ..is
considerably lower (i.e., 400 times) than the FDA action level of 2.00 ppm.

Comment acknowledged. Because of this concern, the SCDNR Study will only be used
to evaluate human health risk qualitatively. (Please note that the SCDNR Study was not
intended to be a risk assessment) Under SCREEN-EX, if the PCB levels in the target
reef site exceed the background PCB level, a baseline risk assessment (BRA) will be
performed using a methodology consistent with the EPA's Risk Assessment Guidance
for Superfund (RAGS). Region-specific (South Atlantic Coastline) fish ingestion rate
and other region- or site-specific input values will be used to characterize the individual
excess lifetime carcinogenic risk and non-carcinogenic hazard.

2. Detection Limits:

This detection limit (10 ppb or 0.01 ppm) may not be adequate to detect risks... it may
be difficult to say with certainty that non-detects represented "no risk" levels.

Comment acknowledged. The SCDNR Study will only be used to evaluate human
health risk qualitatively. The analytical method used to quantify PCB levels in fish
under SCREEN-EX (Modified EPA Method 1668 or an equivalent method) will have
detection limits in part per trillion (ppt) levels that are lower than EPA's calculated risk-
based concentration (RBC).

For some fish samples, a SIM method will be used, with a DL of 2.0 ppb.
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It 1s not clear... whether samples were analyzed on a whole weight or lipid weight basis.

The data were presented as wet-weight concentrations..

It may have been possible to achieve lower detection limits by analyzing the samples
based on extracted fats.

Detection limits were considered in selection of an appropriate analytical method for
additional proposed sampling. EPA Draft Method 1668 or equivalent method will be
used to extract and analyze PCBs in fish collected under SCREEN-EX. Lipid content
will also be measured in the fish fillet samples collected.

For some fish samples, a SIM method will be used, with a DL of 2.0 ppb.-

3. Likelihood of PCB onboard of Sunken Vessels:

The text seems to mmply that although PCBs were not confirmed on these ships, it does
not mean they may not be there. Thus evaluating for significance differences between
these ships and those confirmed to have PCBs may not be very meaningful.

Comment acknowledged. There is a likelihood that PCBs may have been present even
if they were not confirmed. The assumption is that if PCBs are being released from the
ship then the biota sampled near the ship would be more likely to have higher
concentrations than fish sampled from areas where PCBs are not being released (for
example a natural reef). Because of this concern, the SCDNR Study will only be used
to evaluate human health risk qualitatively. The problem is that there is no reliable
record on the mass or loading of PCB in any of the currently sunken vessels. That is
why the Navy is proposing a three--pronged approach: (a) screening of existing data to
evaluate potential ecological risks, (b) collection of fish data from a reference reef and
a sunken vessel artificial reef to evaluate potential human health risks (as appropriate,
the SCDNR data may be used to provide qualitative support in the human health risk
assessment), and (c) development of a  Prospective Model to evaluate the potential
risks from hypothetical releases of PCBs.

Fish move about, and the location of those captured may have little to do with where
they are exposed.

A reef is an ecosystem with various trophic levels and biological organizations. Some
fish will move, while others will remain at a single reef. This is dependent on
individual species characteristics and factors such as the proximity of sunken vessel
artificial reefs to other reefs. The selected target species will be identified in the
Human Health Risk Assessment Work Plan.) These species will be common members
of the reef community, generally territorial, and prized by anglers as fish to be caught
for consumption. Since the target fish dwells at or near a sunken vessel artificial reef;, it
could be exposed to PCBs originating from the vessel (through leaching), resulting in
direct exposure (water) and indirect exposure (food-chain diet).

4. A better comparison would be to sample bivalves from vessels with known PCB
contamination and compare them to samples from "background" sites where PCBs are
not found.

Comment acknowledged. This will be taken into consideration when developing any
future sampling designed to evaluate ecological risk.

5. How were the PCB average concentrations calculated... were non-detects set to one-
half the detection limit for these calculations, or were non-detects set to zero?

In the SCDNR study non-detected values were assumed to be zero. Therefore, the
SCDNR study will only be used qualitatively in our overall human health risk
assessment approach. For the health risk assessment, non-detects and any data
comparability issues will be handled in accordance with Guidance for Data Usability in
Risk Assessment (Part A) (EPA 1992).
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6. 1 am concemed that the studies [referenced studies of Atlantic Coast finfish and
mollusks] ..Are these the most recent data that could be used as a source of
"background data"?

Comment acknowledged. Because of this concermn, the SCDNR Study will only be
used to evaluate human health risk qualitatively. More recent studies, as appropriate,
will be referenced and summarized in the screening level risk assessment.

COMMENTS ON SCREEN-EX PROPOSAL FROM DR. LINDA PHILLIPS

Thank you for your comments, please find responses next to each question or comment.

1. It would be useful to summarize the proposed strategy in a number of bullets at the
beginning of the document and relate the proposed data collection to components of the
strategy to which they apply.

Comment acknowledged. The SCREEN-EX project consists of three components (1)
screening for potential ecological risks using existing data, (2) conducting fish
sampling to evaluate potential human health risks, and (3) developing a prospective
model to evaluate potential risk from hypothetical PCB releases.

Our approach under SCREEN-EX for evaluating human health is to:

o  Collect fish tissues from an artificial reef (preferably the ship from the SCDNR
study with the highest PCB concentrations in biota) and a reference natural reef

o [fthere is no statistical difference between these two sources, no further evaluation
will be performed

e If PCBs in fish from the artificial reef exceed those from the background reef, the
tissue concentrations will be compared to generic (Region I11) fish tissue RBCs to
determine if a risk evaluation is warranted

o If tissue concentrations are below the RBCs, no further evaluation will be
performed.

o If at this point PCBs in fish from the artificial reef exceed both background levels
and RBCs, then a screening risk assessment will be performed according to RAGS
guidance to estimate risks and hazards.

The strategy for the ecological risk component of SCREEN-EX is presented below:

o Conduct problem formulation, including a conceptual model, for ecological
receptors and functional groups.

o Identify benchmarks of ecological effects for species representative of the groups.
For water exposure, the benchmark would be set to chronic water quality criteria
(e.g. Criterion Continuous Concentrations identified in EPA 822-7-99-001), for
sediment the benchmarks would correspond to applicable sediment ecotox
thresholds (e.g. EPA 540/F-95/038, 1996), and for dietary uptake the benchmarks
would correspond to the dose that is equivalent to the NOAEL for the receptor
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species for the proposed assessment endpoints (for example, avian omnivores,
avian piscivores, and marine mammals).

o As appropriate and after sufficient data have been identified, develop estimates,
based on existing data, of contaminant concentrations (C) in exposure media
(water, sediment, diet) for (i) artificial reefs composed of former Navy ships, (ii)
artificial reefs composed of materials other than former Navy ships, (i) natural
reefs, and (iv) regional background.

Calculate ecological hazard quotients and ecological hazard indices (as appropriate) for
representative species using the estimates of exposure media associated with artificial
reefs composed of former Navy ships and the benchmarks for each assessment endpoint
and complete exposure pathway.

o  Compare estimates of exposure associated with artificial reefs composed of former
Navy ships to estimates of exposure associated with (i1) artificial reefs composed of
materials other than former Navy ships, (i1) natural reefs, and (iv) regional
background.

Document and discuss sources of uncertainty and identify data gaps.

2. Screeming Level Equations:

Ecological screening equations Section 4.3 should be modified to use standard risk
assessment nomenclature...should clearly define inputs to these equations. The
NOAELs mentioned here are species-specific... would be used if doses to predatory
birds were calculated.

Comment acknowledged. The equations and parameters used to calculate ecological
hazard quotients and hazard indices will be presented and clearly defined in the ecorisk
work plan.

For the human health assessment, the equations should be revised as follows:
HEQ = C/RBC

Where:

HEQ = health effects quotient

C = concentration in fish or sediment (mg/kg), water (mg/L), or surfaces (ing/cm?)

The screening risk assessment, in the form of a baseline risk assessment (BRA) for the
fish ingestion exposure pathway, rather than the HEQ screening risk assessment as
suggested by the commenter, will be performed. This BRA will be necessary if the
maximum detected PCB level in finfish collected at the target sunken vessel reef
exceeds the UTL for PCB in finfish collected at the reference location and also exceeds
the EPA published RBC for the fish ingestion pathway for PCB.  The baseline risk
assessment will characterize the individual excess lifetime carcinogenic risk as well as
the noncarcinogenic hazard. The risk and hazard will be calculated using the equations
provided in RAGS.

RBCs for fish ingestion are published by several EPA Regions (which Region's values
will be used?)

The EPA published RBC will be presented in the Human Health Risk Assessment Work
Plan. At this time, The EPA Region III RBC is being considered.

Published RBCs are not available for water and sediment contact....these RBCs would
have to be developed.

The fish-ingestion RBC will be used for screening before the BRA is performed. There
is no plan to develop non-published RBCs. The plausibility of exposure to PCBs
through dermal contact will be evaluated in the workplan and the exposure assessment
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and uncertainty section of the SCREEN-EX report. RAGS and the EPA Administrator's
guidance (EPA Risk Characterization Program - Carol Browner [1995]) require that
plausible exposure pathways be identified and recommend that professional judgment,
along with site conditions and chemical fate characteristics, be used to identify
significant pathway(s) for the BRA.

The terms HI and HQ are used mostly in human health risk assessments for
noncarcinogens... The term EEQ would be better for ecological ...

Comment acknowledged. The ecological effects benchmarks (NOAELs, Water Quality
Criteria, or other toxicological effect thresholds) will be compared to the estimated dose
or environmental exposure that could occur. The benchmarks are thresholds that, when
exceeded, have been associated with causing ecological effects. The EEC will be
derived from NOAELSs, Water Quality Criteria, or other toxicological effect thresholds
as appropriate. To assess the potential for ecological risk, an ecological hazard quotient
will be calculated for representative species for a given exposure pathway, where the
quotient is the ratio between the potential exposure level (concentration or dose) and the
ecological effects criterion (EEC). The term ecological hazard quotient and ecological
hazard index (as appropriate) will be used in future reports related to this project to
avoid confusion.

3. Section A.1.1 {Appendix A]...does not describe the media to be sampled. I assume
that water, sediment, and fish will be sampled. ... Surface data will be needed to assess
risks from contact by divers.

The screening exercise for ecological risk evaluation will be based on existing
information. The only additional sampling currently planned at the screening level is to
collect finfish fillet data in support of the human health risk assessment. One of the
objectives of the screening will be to determine what additional data in what media are
needed to address risk and uncertainty. As discussed in our response to a previous
comment, for the human health risk assessment, the collection of water, sediment, and
reef surface data are not planned because dermal exposure of PCB through these media
is expected to be low. The SCREEN-EX report(s) will provide additional details and
rationale for our judgment.

4. In section A.1.3, the types of PCB measurements are outlined. Will samples be
analyzed for Aroclors too? Published RBCs are based on Aroclors.

Samples will not be analyzed for Aroclors. Total PCB values will be obtained by
summing the results from quantifying mono- through deca-chlorinated congeners based
on Modified EPA Method 1668 or an equivalent method. Total PCB will be used to
compare with the RBC or derive exposure intake for characterizing the individual
excess lifetime carcinogenic risk and hazard quotient for the fish ingestion pathway in
the BRA. It is acknowledged that there are two RBCs (one for Aroclor 1016 and one
for other Aroclors) provided by EPA Region III.  As a conservative approach, we
intend to use the lower of the two RBCs for screening. Similarly, in characterizing
noncarcinogenic hazard in the BRA, the reference dose (RfD) with a lower value
(between two available RfDs) will be used.

5. Section A.1.4 states that recreational divers will be evaluated....How will this dermal
RBC be developed? Should dermal absorption from water and incidental ingestion of
water also be considered.

Dermal RBC and dermal hazard and risk will not be derived or calculated for this
screening exercise. As discussed above, the plausibility of a dermal pathway will be
discussed in the Human Health Risk Assessment Work Plan and the exposure
assessment and uncertainty section of the SCREEN-EX report. It will provide the
rationale for identifying significant and insignificant exposure pathways. If the BRA
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indicates that risk or hazard is marginally below the EPA points of departure (after other
uncertainties associated with the fish ingestion exposure pathway have been addressed),
such a pathway and the incidental surface water ingestion pathway may be proposed for
evaluation. In this case, the approach, including dermal transfer factor of PCB in the
aquatic environment, will be proposed for evaluation by the Technical Working Group.

6. Section A.1.4 also discusses the ecological receptor species, but it is not clear how
the data for these species will be used....Will these species be evaluated in terms of risk
(i.e., EEQs)....I believe water and sediment data will be needed; not fish data... Will
these data be used to calculate a dose to predatory birds for comparison to NOAELs?

The general approach for screening direct and indirect (ingestion) pathway exposures
was discussed in response to comment No. 1. At the screening level, only generic and
broad assessment endpoints will bé applied. Either measured or estimated fish tissue
concentrations (by application of bioconcentration factors BCFs, FCMs, or other
modeling approaches to estimate concentrations in food items such as fish) will be used
for ingestion pathway exposures. For direct exposures, modeling techniques will be
used to estimate concentrations in water and sediment in the absence of empirical data.
The EEQ method will be followed.

Fish fillet data will be collected under SCREENEX in support of the human health
screening. Because these data will be collected for higher trophic level fish ( e.g.,
groupers, which are relatively territorial), these data should also provide an indication of
the relative contribution of background PCB levels (or lack thereof) in the context of
assessing ecological concerns, e.g., avian species and marine mammals. However, it
should be noted that this is only a qualitative comparison, since the actual mass of PCBs
on the sunken ship(s) selected for evaluation is unknown. This is an uncertainty to be
evaluated in the Prospective Study. The ultimate goal of the screening exercise is to
identify whether sunken ships currently known to contain PCBs are contributing to
unacceptable ecological or human health risks.

7. In selecting receptor species to be used in the comparative analyses, it would be best
to select species that ...are relatively immobile so that the PCB concentrations observed
in their tissues are not confounded by exposures from non-site-related areas.

Comment acknowledged. The only data that will be statistically sufficient for
quantitatively comparing a reference area to an existing sunken ship will be fish fillet
data collected in support of the human health screening. The current plan includes
collection of two fish species that are generally territorial and long-term reef residents.
For species used in the ecological screening evaluation, the same approach will be
applied, i.e., relatively immobile or non-migratory biota collected in the SCDNR study
will be used in the comparative analyses.

8. Section A.1.4 - 3" from the last paragraph...It is unclear what criterion will be used
in determining whether a human health risk assessment...should be conducted... Also
what is meant by "no difference" in this paragraph.

The criteria for conducting the human health risk (deterministically and
probabilistically) will be: (1) there is a basis for a statistically significance difference,
such as an exceedance of the maximum detected PCB level in finfish collected from the
target sunken vessel reef above the UTL of PCB in finfish collected from the reference
reef, and (2) if an exceedance exists the maximum detected level also exceeds the RBC
for the fish ingestion pathway. Please refer to our response to comment No. 6 offered
by Ms. Laura Casey regarding the meaning of "difference."
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9. The importance of bioconcentration should be addressed if fish tissue concentrations
are to be modeled from PCB loadings and subsequent water/sediment
concentrations. .. ..effects may occur in higher trophic level organisms, such as birds that
eat the fish.

Comment acknowledged. Please note that higher trophic levels are included as
assessment endpoints for the ecorisk assessment. In the absence of PCB concentrations
in specific dietary items that are considered important to the screening evaluation,
appropriate BCFs and FCMs (or other modeling approaches) will be applied.

Bioaccumulation will also be addressed by the Prospective Study discussed in Section
4.2 of the proposal. Please also see responses to Comments Nos. 2 and 6.
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Site Characterization Report

B-1



EX-USS VERMILLION PCB HUMAN HEALTH RISK ASSESSMENT PROJECT

STUDY SITES

Vermillion Artificial Reef:

Background - This site is comprised of a permitted manmade reef consisting of a single
sunken ex-U.S. Navy ship hull. The reef was constructed in August 1988 by the South
Carolina Department of Natural Resources (SCDNR) as part of its Marine Artificial Reef
Program. The ex-USS Vermillion (LKA-107) was obtained by the State of South
Carolina in 1987 from the U.S. Maritime Administration’s inactive reserve fleet in the
James River near Ft. Eustis, Virginia. The 460 foot-long (139m) ship was towed to
Wilmington, North Carolina where it was cleaned, stripped and prepared for its new role
as reef material by a private marine contractor and ship breaker.

The vessel was prepared to acceptable standards at that time (Stone, 1985) for all such
artificial reef construction activity in the U.S. All commonly encountered potential
shipboard pollutants such as fuels, oils, solid or liquid chemicals, liquid PCBs (electrical
transformers and switchboards) and floatable materials such as plastics or wood were
removed and properly disposed of by the contractor. To facilitate use of the ship in 110
feet of water and minimize its risk as a possible hazard to navigation, the overall height
of the vessel was reduced to no greater than 55 feet (17m) above the keel. All structure
above the O-1 level was removed. Large holes were cut in the sides of the ship and
between watertight bulkheads. Internal watertight integrity was further breached by
removing or welding open internal doors and hatches. After final inspection by U.S.
Coast Guard Marine Safety Office Wilmington, the vessel was towed to its final
destination and sunk by the use of explosive charges set by U.S. Navy Explosive
Ordnance Disposal personnel (EOD Mobile Unit Six). The Vermillion sank quickly, and
settled in an upright position on barren flat sand bottom 110 feet (33m) deep,
approximately 32 nautical miles southeast of the port of Georgetown, SC.

As with similar artificial reef structures utilized off the state (Bell, 1991; Bell and
Martore, 1999), the Vermillion began a rapid transformation into a living hard bottom
reef community, with colonization of commonly occurring invertebrate and vertebrate
species taking place within days of its sinking. Within a matter of several months the
Vermillion Reef had become a popular recreational diving and fishing destination for
local citizens and tourists (Rhodes, et al., 1994). In September 1989, the ship was
displaced approximately 700 feet (212m) west of its initial location during intense storm
surge from hurricane Hugo (Bell and Hall, 1994). As a result of this process significant
scouring around the hull resulted in a subsidence of the ship through the sandy sea floor
and well into the underlying marl formations, resulting in a new maximum depth on the
reef site in excess of 135 feet (41m). Deep scouring around the ship was contained to
within approximately 50 feet (15m) of the vessel, with the surrounding sand bottom
maintaining its previous 110 (33m) foot depth.



Site Characterization - The Vermillion lies on a northerly heading at 32° 57.525” N, 078°
40.041’W (approximate center of ship), in the southwestern corner of the permitted reef
area. The ship is structurally intact with no visible signs of significant deterioration to the
hull, superstructure, decks or major structural members. The vessel has a slight starboard
list, with the maximum depth at the stern being approximately 10 feet (3m) deeper
overall than the maximum depth at the bow. The highest point of the ship is a small
section of the forward port side O-2 level deck (78 feet (23.6m) deep). The deepest part
of the main deck is the starboard side stern area (115 feet (35m) deep). Continual
scouring around the vessel maintains an area of exposed marl, which adds to the overall
footprint of the hard bottom reef. At some points the water depth in this region
immediately around the ship approaches 140 feet (42.4m) or greater.

After eleven years on the ocean floor, a well-developed marine epibenthic community
has been established on the exposed vertical and horizontal surfaces of the ship. Much of
the main deck and O-2 level deck is covered with patches of attached mollusks (Arca sp,
Pteria colymbus and Crepidula sp), bamnacles (Balanus sp), hard coral (Oculina
arbuscula and Astrangia sp) and, and a broad coating of hydroids, bryozoans, tunicates,
polychaete worms, encrusting sponges, algae and some octocorals (Leptogorgis sp and
Lophogorgia sp). As observed in an earlier study of sessile biota on ship hull artificial
reef structures off South Carolina (Wendt, et al., 1989), large sponges and corals
commonly encountered on natural hard bottom habitats are absent on the ship, with
significant coverage of exposed areas being from predominately less erect species from a
variety of taxa. Both starboard and port sides of the Vermillion are thoroughly colonized
by the same sessile species encountered on the horizontal surfaces, but with a visibly
higher percentage of overall coverage and greater density of organisms. Octocorals
(Lophogorgia sp) observed on the sides of the vessel also occur more frequently and are
represented by much larger specimens than those found on horizontal surfaces such as the
main deck. Wendt, et al. (1989) observed a similar trend of significantly greater biomass,
percent cover and number of sessile species on vertical surfaces of ship reefs of varying
ages when compared to horizontal surfaces on the same vessels.

A variety of motile invertebrate species were observed on the Vermillion, but it proved
much harder to gain a sense of their overall community structure and significance due to
their low density and cryptic nature. Many of the species encountered are known to be
predators on sessile fouling organisms (Harris and Irons, 1982). Several species of
gastropods were encountered on horizontal and some vertical surfaces, including
Cymatium pileare, Pleuroploca gigantea, Cypraea cervus and Terebra dislocata. Most
were seen on the main deck of the ship, with T. dislocata observed in the greatest
number, occurring in several small clusters of multiple individuals. Several specimens of
the motile bivalve Nodipecten nodosus were observed on the main deck of the ship as
well. Other motile invertebrates encountered included numerous species of echinoderms
(Asteroidea, Echinoidea, Ophiuroidea and Holothuroidea), one octopus, and several
specimens of readily observable decapods (Scyllarides nodifer, Petrochirus sp and
Pagurus sp). Internal spaces of the ship easily observable to divers appeared to have
very diminished populations of motile or sessile invertebrates, although barnacles and
some mollusks were noted immediately inside most hatches and doorways.



As a result of fishing activities and diver observations, 42 species of fishes representing
19 families were found to occur on the Vermillion Reef (Table 1). The species
encountered are typical of those expected to occur on manmade reefs in a comparable
depth of water off South Carolina (Bell, 1991), and are equally as likely to be represented
in fish assemblages documented on and around naturally occurring hard bottom reef
communities off the southeastern U.S. (Barans and Henry, 1984; Sedberry and Van
Dolah, 1984; Wenner and Sedberry, 1989). Many of the demersal and pelagic fish
species observed on the reef are typically targeted and landed by recreational and
commercial fishermen on either manmade or naturally occurring hard bottom areas
(Huntsman, 1976; Low and Waltz, 1988; Low, 1999). Based on estimated and measured
sizes of fishes observed or captured around the ship it is apparent that a wide range of
year groups of many of the demersal fish species closely associate with hard bottom reef
structure such as the Vermillion at any given time. The important role played by hard
bottom habitat (manmade or naturally occurring) has been documented for many of the
species encountered in examinations of their life histories and movement patterns (Waltz,
et al.,1982; Low and Waltz, 1991, Padgett, 1997; Potts, et al., 1998).

Hard Bottom Reference Site:

Background — This site consists of a relatively small area of naturally occurring hard
bottom or “live bottom”, developed on a low to moderate relief, intermittent rocky
outcropping located approximately 3.9 nautical miles west of the Vermillion Reef. The
site was originally discovered by SCDNR biologists during a 1990 side scan sonar survey
conducted to relocate the Vermillion following hurricane Hugo. Hard bottom of this type
is common in small patchy locations in this general region, and commercial and
recreational fishermen have taken advantage of its productivity for years. Descriptions of
hard bottom reef habitat, its distribution along the southeastern U.S. and its critical role in
the life histories of many key reef fish species can be found in the South Atlantic Fishery
Management Council (SAFMC) Essential Fish Habitat Management Plan (1998). In an
earlier examination of potential PCB uptake in biota found on ex-military vessels off
South Carolina this specific site was used as one of three hard bottom reference sites
along the coast (Bell, et al., 1997).

Site Characterization - The study reference area is approximately 100 feet (30m) wide
(east-west axis) by 600 feet (182m) long (north-south axis) with a center point of 32°
57.228°N, 078° 44.663’W. Water depths in the area range from 95 to 105 feet (28.8m to
31.8m), with the majority of the bottom in this area consisting of a broad pattern of
blocky, irregular rock out-crops with sand between the joints and cracks. One section of
moderately stepped scarp (8 feet (2.4m) of relief) exists near the center of the area, and
extends almost continuously for approximately 150 feet (45.5m) along the north-south
axis. The reference area itself is only a small portion of a much larger wide-spread
geologic formation of exposed Pleistocene to Pliocene rock which occurs intermittently
in offshore waters along the southeastern U.S. from Florida to North Carolina
(Continental Shelf Associates, Inc, 1979).




Geological and biological characterizations of hard bottom reefs along the U.S. East
Coast identical in nature to the reference area have been completed by numerous
researchers (Henry, 1978; SCW&MRD, 1984). Epibenthic invertebrate communities
(Wenner, et al., 1983; Wenner, et al., 1984) and groundfish assemblages (Grimes, et al.,
1982; Sedberry and Van Dolah, 1984; Barans and Henry, 1984) occurring at several
similar hard bottom habitat sites off South Carolina have been described in detail. A clear
picture of the importance of reef fish communities found on such sites to both
commercial and recreational fisherman can be established through an examination of
present and past fishing practices and results (Chester, et al., 1984; Rhodes, et al., 1994;
Low, 1999).

The epibenthic invertebrate community on this site is similar in some respects to that
present on the Vermillion Reef, but much older, more developed and more species rich
overall. Obvious differences exist due simply to the physical characteristics of the
substrates involved (rock versus steel; complex versus simple), their dimensions (8 feet
(2.4m) versus 55 feet (17m) of relief) and their ages (thousands of years versus 12 years).
Sessile species such as barnacles, hyroids, bryozoans and mollusks, found to be initial
colonizers on manmade reef structures (SCW&MRD, 1984; Wendt, et al., 1989), were
present on the natural rocky hard bottom site, but appeared to play a less dominant role in
the coverage of primary space. Large basket sponges, stony corals (Oculina arbuscula
and Astrangia sp ) and octocorals (Lophogorgia sp) were easily detectable throughout
the site, and several species of algae were thick in broad expanses on flat low relief rock
and in sandy areas. Organisms such as worms or sponges capable of boring into the rock
for protection or attachment could be found on this type substrate and not on the
Vermillion. A few bivalves (Arca zebra and Pteria colymbus) were located, although
well camouflaged and extremely difficult to detect without very close scrutiny.

Due to the complex bottom topography of this rocky hard bottom area, motile
invertebrates were much harder to detect than those found on a manmade reef structure
such as the Vermillion. An abundance of crevices, overhangs and holes in the marl
formations provide abundant areas for more cryptic species to reside. Despite this,
several gastropods (Pleuroploca gigantea, Cymatium pileare, Fasciolaria sp and Oliva
sayana), numerous echinoderms (primarily urchins), octopus, several lobster (Scyllarides
nodifer) and several hermit crabs (Pagurus sp) were observed. None were observed in
great numbers during the course of an individual dive on the reef.

Forty species of fishes representing 23 families were observed on this site during the
course of the study (Table 2). Most were commonly encountered demersal or pelagic
species typically associated with hard bottom reef habitat off the state (Sedberry and Van
Dolah, 1984), with 67.5% of them being in common with species detected on the
Vermillion Reef during the study period. Overall fish density on the site appeared to be
significantly less than that experienced on the smaller manmade reef, although more sub-
legal size grouper were seen in total on one dive in this area than on the entire Vermillion
Reef in several dives. Despite lower fish density, fishing activity on the site proved to be
far more productive, with much higher catch per unit of effort for targeted and other
species than that experienced on the Vermillion Reef.



LITERATURE CITED

Barans, C.A., and V.J. Henry, Jr. 1984. A description of the shelf edge groundfish
habitat along the southeastern United States. Northeast Gulf Science. 7(1) 77-96.

Bell, M. 1991. South Carolina marine artificial reef management plan. South Carolina
Department of Natural Resources. Charleston, SC. 176 pp.

and J.W. Hall. 1994. Effects of hurricane Hugo of South Carolina’s marine
artificial reefs. Bull. Mar. Sci. 55(2-3): 836-847.

, R.M. Martore, and T.D. Mathews. 1997. Levels of PCBs and heavy metals in
biota found on ex-military ships used as artificial reefs. Final project report.
USF&W project F-54(Seg4). SCDNR, Charleston, SC. 18 pp.

and R.M. Martore. 1999. Marine artificial reefs. South Carolina Department of
Natural Resources sea science report 9MR2571. Charleston, SC. 6 pp.

Chester, A.J., G.R. Huntsman, P.A. Tester and C.S. Manooch, III. 1984. South Atlantic
bight reef fish communities as represented in hook-and-line catches. Bull. Mar.
Sci. 34(2) 267-279.

Continental Shelf Associates, Inc. 1979. South Atlantic hard bottom study. Prepared for
BLM, Contract AA551-CT8-25; 356 pp.

Grimes, C.B., C.S. Manooch, and G.R. Huntsman. 1982. Reef and rock outcropping
fishes of the outer continental shelf of North Carolina and South Carolina, and
ecological notes on the red porgy and vermilion snapper. Bull. Mar. Sci. 32(1)
277-289.

Harris, L.G. and K.P. Irons. 1982. Substrate angle and predation as determinants in
fouling community succession. Pages 131-174 in J. Caims, Jr., ed. Artificial
substrates. Ann Arbor Science, Ann Arbor Michigan.

Henry, V.J. 1978. Distribution and occurrence of reefs and hardgrounds in the Georgia
bight. University of Georgia, Skidaway Institute of Oceanography. Final report
to the U.S. Geological Survey. Woods Hole, Ma. 55 pp.

Huntsman, G.R. 1976. Offshore headboat fishery in North Carolina and South Carolina.
National Marine Fisheries Service Marine Fisheries Review 38(3): 13-23.

Low, R.A. and C.W. Waltz. 1988. South Carolina marine recreational fisheries statistics
survey 1987. South Carolina Marine Resources Center, Technical Report 68,
Charleston.



,R.A. and C.W. Waltz. 1991. Seasonal utilization and movement of black sea bass
on a South Carolina artificial reef. North American Journal of Fisheries
Management 11:131-138.

, 1999. South Carolina Marine Fisheries, 1997. Marine Resources Division,
Office of Fisheries Management Data Report 31. Charleston. 77 pp.

Padgett, S.M. 1997. Age, growth, and reproductive biology of the white grunt,
Haemulon plumieri, along the southeast Atlantic coast of the United States.
Masters thesis University of Charleston Marine Science program. Charleston. 61

pp-

Potts, J.C., C.S. Manooch III and D.S. Vaughan. 1998. Age and growth of vermilion
snapper from the southeastern United States. Transactions of the American
Fisheries Society 127:787-795.

Rhodes, R.J., M. Bell and D. Liao. 1994. Survey of recreational fishing use of South
Carolina’s marine artificial reefs by private boat anglers. Final report USF&W
project F-50. South Carolina Department of Natural Resources. Charleston, SC.

34 pp.

Sedberry, G.R. and R.F. Van Dolah. 1984. Demersal fish assemblages associated with
hard bottom habitat in the South Atlantic Bight of the U.S.A. Environmental
Biology of Fishes 11(4) 241-258.

South Atlantic Fishery Management Council. 1998. Habitat plan for the South Atlantic
region: essential fish habitat requirements for fishery management plans of the
SAFMC. Charleston, SC. 457 pp.

South Carolina Wildlife and Marine Resources Department. 1984. South Atlantic OCS
area living marine resources study phase III. Vol. I. Final Report prepared for
Minerals Management Service under contract 14-12-0001-29185. 223 pp.

Stone, R.B. 1985. National artificial reef plan. NOAA Technical Memorandum NMFS
OF-6. 110 pp.

Waltz, C.W., W.A. Roumillat and C.A. Wenner. 1982. Biology of the whitebone porgy,
Calamus leucosteus, in the South Atlantic Bight. Fishery Bulletin 80(4) 863-874.

Wendt, P.H., D.M. Knott and R.F. Van Dolah. 1989. Community structure of the sessile
biota on five artificial reefs of different ages. Bull. Mar. Sci. 44(3): 1106-1122.

Wenner, E.L., D.M. Knott, R.F. Van Dolah and V.G. Burrell, Jr. 1983. Invertebrate
communities associated with hard-bottom habitats in the South Atlantic Bight.
Estuar. Coat. Shelf Sci. 17: 143-158.



, P. Hinde, D.M. Knott and R. F. Van Dolah. 1984. A temporal and spatial study
of invertebrate communities associated with hard-bottom habitats in the South
Atlantic Bight. NOAA Tech. Rpt. NMFS 18. 104 pp.

Wenner, C.A. and G.R. Sedberry. 1989. Species composition, distribution, and relative
abundance of fishes in the coastal habitat off the southeastern United States.
NOAA Tech. Rpt. NMFS 79. 49 pp.



Appendix C
Fish Traps Used In The Sampling Program

C-1



Photgraphs - Fish Traps Used in the Fish Sampling
Program .

- Baited Crap Trap, modified and
- baited for Black Sea Bass

PHOTOGRAPH 2.:
Baited Chevron Trap used for
trapping Grouper and Black Sea
Bass (close view)

(Reference No. 16-13A).

{PHOTOGRAPH 3.:

QBaited Black Sea Bass Trap (same as
% Photo 1)

F8(Reference No. 018-15A)
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Photgraphs - Fish Traps Used in the Fish Sampling

—_——

Program

dPHOTOGRAPH 4.

Space Intentionally Left Blank PHOTOGRAPH 5.:

Baited Chevron Trap at rear of the
@i boat deck ready to be deployed. Red
i buoys and coolers are shown on the
b side of the boat.
(Reference No. 019-16A)
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1.0 INTRODUCTION

With two exceptions, this data validation report is identical to the Data Validation Report for
Polychlorinated Biphenyl Analyses for Fish Tissue Samples collected for a Human Health Risk
Assessment for Potential Exposure to Polychlorinated Biphenyls from Sunken Vessels Used as
Artificial Reefs (Food Chain Scenario) dated February 2001. The data reporting forms included
in the original report did not include all of the data qualifiers and qualifier codes assigned.
However, it was verified that the electronic data provided to data users did include all of the
assigned qualifiers and qualifier codes. As such, the conclusions drawn in the risk assessment
are not affected by the error in the original data validation report. This revised version includes
the updated sample reporting forms. In addition, the title to Section 4.0 was corrected.

Inactive U.S. Navy vessels would make excellent artificia reefsin U.S. Coastal waters if
preliminary data collected by the South Carolina Department of Natural Resources (SCDNR)
and the Space and Naval Warfare Systems Center (SPAWAR), suggesting that they do not pose
athreat to human health or the environmert from polychlorinated biphenyl (PCB)
contamination, can be confirmed. Such a study has been initiated by the Navy becauseit is
known and documented that PCBs accumulate in fish tissue. For this study, two species of
finfish samples were collected from a reference reef and atarget reef. The samples were filleted
and the fillets were sent to Axys Analytical Services, Ltd. in Sidney, British Columbia for
analysis of PCBs in accordance with EPA Method 1668, Revision A. A copy of this method is
included as Appendix A to this Appendix D-1.

Method 1668, Revision A utilizes a high-resolution gas chromatography/high-resol ution mass
spectrometry (HRGC/HRMYS) analytical technique which allows for congener-specific
determination of more than 150 PCBs, including those that are considered to be dioxin-like and
environmentally relevant. The dioxin-like PCBs and the beginning and ending level-of-
chlorination PCBs are determined by the isotope dilution technique of quantitation whereas the
other PCBs are determined by the internal standard method of quantitation. This method also
allows estimation of homolog totals by level of chlorination (LOC) and estimation of total PCBs
in a sample by summation of the concentrations of the PCB homolog group totals. For this
study, 13 dioxin-like PCB congeners and 26 environmentally relevant PCB congeners (including
8 congeners that are also dioxinlike) were individually quantitated along with the total PCB
concentration for each homolog group and the total PCB concentration.

The analytical results for the fish tissue samples were reported in one data package with Axys
identification number 4025. The samples were prepared and analyzed in four preparation
batches. This report describes the results of the data validation conducted on thisdata set. The
data validation process is summarized in Section 2.0. Section 3.0 presents the data validation
results. Thisreport is concluded with an overall assessment of the data with respect to the data
quality indicators of reporting limits, accuracy, precision, completeness, representativeness, and
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comparability in Section 4.0. The sample reporting forms, printed from the database, are
included in Appendix B.
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20 DATA VALIDATION PROCESS

Per the Sampling and Analysis Quality Assurance Project Plan (SAQAPRjP), al fish tissue sample
data received an independent data validation to evaluate the quality of the data generated by the
laboratory and the effect of having quality control indicators outside evaluation limits on the
usability of the data. The data validation was conducted in accordance with the provisions of the
SAQAPRP which specifies using guidance from the SAQARP]P, the written method, EPA Region
10 guidance on the validation of Method 1668 data for the HRGC/HRMS analysis, ard guidance
from Functional Guidelines (EPA 1999), as appropriate for the method. In accordance with the
SAQARP, the validation consisted of evaluating laboratory performance parameters for at least
25% of the data set and sample-specific parameters for 100% of the data set.

Laboratory performance parameters are defined as those parameters that are in control of the
analytical laboratory and thusly, are indicators of the overall performance of analytical system.
The laboratory performance parameters evaluated include:

GC/MS performance checks (i.e. tuning and resol ution);
initial calibration;
calibration verification;

system performance (i.e. ongoing precision and recovery as indicated through the analysis of
laboratory control samples and certified reference materials);

compound identification;
compound quantitation; and
verification (i.e. checking for transcription errors).

Sample-specific parameters are those parameters that are influenced by sample handling
procedures and the matrix of the individual sample. The sample-specific parameters evaluated
include:

case narrative comments;

sample handling (i.e. COC procedures, sample receipt, and holding times);
method blank results;

rinsate blank results;

internal standard recovery;

matrix spike analysis,

laboratory duplicate sample analysis;

field duplicate agreement.
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Following the evaluation of laboratory performance criteria and sample-specific criteria, an
overall assessment of the data with respect to the data quality indicators of reporting limits,
accuracy, precision, completeness, representativeness, and comparability was formulated. The
overall assessment is presented in Section 4.0.

During the data validation process, the data reviewer annotated on the analytical data sheets data
validation quaifiers (“U”, “J’, “UJ’, and “R”) and associated qualifier and bias codes as listed in
Table2-1. The purpose of the qualifier codes is to provide information with regard to the data
quality condition(s) that resulted in the assigned qualifiers. The bias code provides an indication
of the bias direction of the results qualified as estimated based on data quality condition(s) that
resulted in the data qualification and the results of the other associated quality control analyses.
The data qualifier codes are followed by a hyphen and the applicable bias code. For example, a
result qualified as estimated due to a holding time exceedance, which resulted in a potential low
bias in the result, has the following code annotated on the data sheet, “HT-L”. In the case of
multiple data quality conditions resulting in qualification, each qualifier code s listed and
separated by acomma. For example, aresult qualified as estimated due to low matrix spike
recovery and poor method duplicate precision would have the following codes annotated on the
data sheet, “MS, MD —1”. The analytical results with assigned data qualifiers, qualifier codes,
and bias codes are included in Appendix B.
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Table2-1

DATA VALIDATION QUALIFIER CODESAND BIASDIRECTION CODES

Qualifier Data Quality Condition
Code Resulting In Assigned Qualification
general use
HT Holding time requirement was not met
T Temperature requirement not met
P Preservation requirements not met
HS Sampl e received with headspace
MB or PB | Method blank or preparation blank contamination
LCS Laboratory control sample evaluation criteria not met
FB Field blank contamination
RB Rinsate blank contamination
FD Field duplicate evaluation criteria not met
RL Reporting Limit exceeds decision criterion (for nondetects)

organic methods

R Resolution criteria not met
TUNE Instrument performance (tuning) criterianot met
ICAL Initial calibration evaluation criteria not met
CCAL Continuing calibration eval uation criteria not met
ID Target compound identification criterianot met dueto ion ratio (IR) or no confirmation (NC)
SUR Surrogate recovery outside acceptance range
MS Matrix spike accuracy criteria not met
MD Method duplicate precision criteria not met
EMPC(C) Estimated maximum possible concentration due to co-elution with one or more congeners
IS Internal standard evaluation criteria not met
Bias Codes Bias Direction
H Biasin sample result likely to be high
L Biasin sampleresult likely to be low

Biasin sampleresult isindeterminate
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3.0 DATA REVIEW NARRATIVE

The results for the fish tissue samples were reported in Axys data package 4025. The results of
the evaluation of laboratory performance criteria are presented in Section 3.1. The results of the
evaluation of sample-specific criteria are presented in Section 3.2.

The Table 3-1 lists the sample ID numbers, corresponding laboratory ID numbers, as well as fish
type, reef type, and fillet date. For instances in which there are multiple laboratory IDs for the
corresponding sample ID, results for the fish sample were reported from more than one analysis
of the extract (e.g. multiple dilutions).

Table 3-1
SAMPLE IDENTIFICATION NUMBER CROSS REFERENCE
SAMP_ID LAB ID FISH REEF SAMP_DATE
FS01-VS-R L2767-1 Vermilion Snapper Reference 01-Aug-00
FS-02-VS-R L2767-2 Vermilion Snapper Reference 01-Aug-00
FS-05VS-R L2767-3 Vermilion Snapper Reference 01-Aug-00
FS05VS-R L2767-3R Vermilion Snapper Reference 01-Aug-00
FS-07-VS-R L2767-4 Vermilion Snapper Reference 01-Aug-00
FS-09-VS-R L2767-5 Vermilion Snapper Reference 01-Aug-00
FS10-VS-R L2767-6 Vermilion Snapper Reference 01-Aug-00
FS-11-VSR L2767-7 Vermilion Snapper Reference 01-Aug-00
FS13-VSR L2767-8 Vermilion Snapper Reference 01-Aug-00
FS-14-VS-R L2767-9 Vermilion Snapper Reference 01-Aug-00
FS-15VSR L2767-10 Vermilion Snapper Reference 01-Aug-00
FS16-VS-R L2767-11 Vermilion Snapper Reference 01-Aug-00
FS-17-VS-R L2767-12 Vermilion Snapper Reference 01-Aug-00
FS-18-VS-R L2767-13 Vermilion Snapper Reference 01-Aug-00
FS-21-VSR L2767-14 Vermilion Snapper Reference 01-Aug-00
FS-22-VS-R L2767-15 Vermilion Snapper Reference 01-Aug-00
FS01-VS-T L2767-16 Vermilion Snapper Target 01-Aug-00
FS-02-VS-T L2767-17 Vermilion Snapper Target 01-Aug-00
FS-03-VS-T L2767-18 Vermilion Snapper Target 01-Aug-00
FS04-VS-T L2767-19 Vermilion Snapper Target 01-Aug-00
FS-06-VS-T L2767-20 Vermilion Snapper Target 01-Aug-00
FS-07-VS-T L2767-21 Vermilion Snapper Target 01-Aug-00
FS-09-VS-T L2767-22 Vermilion Snapper Target 01-Aug-00
FS-11-VS-T L2767-23 Vermilion Snapper Target 01-Aug-00
FS12-VS-T L2767-24 Vermilion Snapper Target 01-Aug-00
FS-12-VS-T L2767-24 i Vermilion Snapper Target 01-Aug-00
FS13-VST L2767-25 Vermilion Snapper Target 01-Aug-00
FS15VS-T L2767-26 (A) Vermilion Snapper Target 01-Aug-00
FS16-VS-T L2767-27 Vermilion Snapper Target 01-Aug-00
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Table 3-1

SAMPLE IDENTIFICATION NUMBER CROSS REFERENCE

SAMP_ID LAB_ID FISH REEF SAMP_DATE
FS-17-VS-T L2767-28 Vermilion Snapper Target 01-Aug-00
FS-18-VS-T L2767-29 Vermilion Snapper Target 01-Aug-00
FS-20-VS-T L2767-30 Vermilion Snapper Target 01-Aug-00

FS-01-WG-R L2767-31 White Grunt Reference 02-Aug-00
FS-02-W G-R L2767-32 White Grunt Reference 02-Aug-00
FS-03-WG-R L2767-33 White Grunt Reference 02-Aug-00
FS-06-W G-R L2767-34 White Grunt Reference 02-Aug-00
FS-08-WG-R L2767-35 White Grunt Reference 02-Aug-00
FS-09WG-R L2767-36 White Grunt Reference 02-Aug-00
FS-100WG-R L2767-37 White Grunt Reference 02-Aug-00
FS-12-WG-R L2767-38 White Grunt Reference 02-Aug-00
FS13WG-R L2767-39 (A) White Grunt Reference 02-Aug-00
FS-14-WG-R L2767-40 White Grunt Reference 02-Aug-00
FS-16WG-R L2767-41 White Grunt Reference 02-Aug-00
FS-17-WG-R L2767-42 White Grunt Reference 02-Aug-00
FS-18WG-R L2767-43 White Grunt Reference 02-Aug-00
FS-19WG-R L2767-44 White Grunt Reference 02-Aug-00
FS-200WG-R L2767-45 White Grunt Reference 02-Aug-00
FS-01-WG-T L2767-46 White Grunt Target 02-Aug-00
FS01-WG-T L2767-46 i White Grunt Target 02-Aug-00
FS01-WG-T L2767-46 Wi White Grunt Target 02-Aug-00
FS-02-W G-T L2767-47 White Grunt Target 02-Aug-00
FS02-WG-T L2767-47 N White Grunt Target 02-Aug-00
FS-02-WG-T L2767-47 Ni White Grunt Target 02-Aug-00
FS-02-WG-T L2767-47W White Grunt Target 02-Aug-00
FS03WG-T L2767-48 White Grunt Target 02-Aug-00
FS-03-WG-T L2767-48 i White Grunt Target 02-Aug-00
FS-03-WG-T L2767-48i2 White Grunt Target 02-Aug-00
FS-04-WG-T L2767-49 White Grunt Target 02-Aug-00
FS-04-WG-T L2767-49 i White Grunt Target 02-Aug-00
FS04-WG-T L2767-49 Wi White Grunt Target 02-Aug-00
FS-05WG-T L2767-50 White Grunt Target 02-Aug-00
FS-07-WG-T L2767-51 White Grunt Target 02-Aug-00
FS07-WG-T L2767-511i White Grunt Target 02-Aug-00
FS-08WG-T L2767-52 White Grunt Target 02-Aug-00
FS09-WG-T L2767-53 White Grunt Target 02-Aug-00
FS-09-WG-T L2767-53 i White Grunt Target 02-Aug-00
FS-09-WG-T L2767-53 Wi White Grunt Target 02-Aug-00
FS-10WG-T L2767-54 White Grunt Target 02-Aug-00
FS-10WG-T L2767-54 i White Grunt Target 02-Aug-00
FS-10WG-T L2767-54 W White Grunt Target 02-Aug-00

-7-
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Table 3-1

SAMPLE IDENTIFICATION NUMBER CROSS REFERENCE

SAMP_ID LAB_ID FISH REEF SAMP_DATE
FS11-WG-T L2767-55 White Grunt Target 02-Aug-00
FS11-WG-T L2767-55i2 White Grunt Target 02-Aug-00
FS-14WG-T L2767-56 White Grunt Target 02-Aug-00
FS15WGT L2767-57 White Grunt Target 02-Aug-00
FS15WGT L2767-57 i White Grunt Target 02-Aug-00
FS-15WG-T L2767-57 W White Grunt Target 02-Aug-00
FS-16WG-T L2767-58 White Grunt Target 02-Aug-00
FS-16WG-T L2767-58 i White Grunt Target 02-Aug-00
FS16WG-T L2767-58 W White Grunt Target 02-Aug-00
FS17-WG-T L2767-59 White Grunt Target 02-Aug-00
FS-17-WG-T L2767-59 i White Grunt Target 02-Aug-00
FS17-WG-T L2767-59 W White Grunt Target 02-Aug-00
FS18WG-T L2767-60 White Grunt Target 02-Aug-00
FS-18WG-T L2767-60 N2 White Grunt Target 02-Aug-00
FS-18WG-T L2767-60 Ni White Grunt Target 02-Aug-00
FS-18WG-T L2767-60 W White Grunt Target 02-Aug-00

3.1 Resultsof Laboratory Performance Criteria Evaluation

The results of the evaluation of laboratory performance criteria are described in this section.
Evaluation of laboratory performance criteria allows the review to assess the performance of the
entire analytical system independent of sample matrix effects.

3.1.1 GC/MSPerformance Check (Tuning and Resolution)

The GC/MS instrument checks specified in Section 10.0 of Method 1668, Revision A are
performed to ensure mass resolution, identification, and calibration. These criteriainclude the
following.

For the perfluorokerosene (PFK) molecular leak, the resolution must be greater than or equal
to 10,000. The deviation between the exact mass and the theoretical mass for each of the
three to five ions nonitored must be less than 5 parts per million (ppm).

Each lock mass monitored shall not deviate by more that 20% throughout its respective
retention time window.

The ion abundance ratios must be within the limits specified in Table 8 of the method.

The GC/MS system must be able to meet the minimum detection levels specified in Table 2
of the method. In addition, for the low point calibration standard, the signal to noise ratio
(S/N) must be greater than or equa to 10.0.

The absolute retention time of PCB169 shall exceed 20.0 minutes of the SPM-octyl column
and the retention time of PCB157 shall exceed 25.0 minutes on the DB-1 column.
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The compound pairs in the window defining mixture shall be determined.

The isomer specificity requirements stated in Method 1668, Revision A (Section 6.9.1) shall
be met. These specify that unique resolution, with a valley <40%, will be obtained for the
following congeners pairs. PCB34 and PCB23, PCB187 and PCB182, and PCB156 and
PCB157 (secondary column).

The GC/M S performance criteria stated above were satisfied for both columns and data
qualification was not necessary.

3.1.2 Initial Calibration

Compliance requirements for satisfactory instrument calibration are established to ensure that the
instrument is capable of producing acceptable qualitative and quantitative datafor PCBs. Initial
calibration demonstrates that the instrument is capable of producing alinear calibration curve.

As required by the method, each initial calibration contained five standards. Each initial
calibration was conducted within 30 days of the associated sample analyses. For the native
analytes quantitated by the isotope dilution method, the %RSDs over the relative response
factors (RRFs) for the five initial standards was <20%, with one exception. For the native
analytes calculated by the internal standard method of quantitation, one %RSD was less than
35%. The absolute retention time of PCB209 was greater than 55 minutes on the SPB-Octyl
column.

For the October 24, 2000 initial calibration, the %RSDs for one labeled congener was dightly
greater than 20%. The %RSDs for PCB114L was 22.4%. Data qualification for the six
associated samples was not considered to be necessary, however, because the deviation was
dight. In addition, the method does not specify whether a criterion for the labeled internal
standards. The associated samples are FS-01-VS-R, FS-02-VSR, FS-07-VS R, FS-10-VSR,
FS-11-VS-R, and FS-13-VS-R.

3.1.3 Calibration Verification

Compliance requirements for satisfactory instrument calibration are established to ensure that the
instrument remains capable of producing acceptable qualitative and quantitative data each day
that samples are analyzed.

For each calibration verification and ongoing precision and recovery (OPR) anaysis, the
following criteria were evaluated:

lon abundance ratios within acceptance ranges.

SIN ratio >10:1.

Adequate recovery of target analytesin calibration verification standard per requirementsin
Table 6 of the method.

The absolute retention times of the labeled standards were within +15 seconds of the
preceding standard analysis.
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The relative retention times for native PCBs and labeled compounds in the verification test
were within the required relative retention time (RRT) ranges.

Results for native and labeled PCB congenersin al calibration verification standard (SC3)
analyses and in all Ongoing Precision and Recovery (OPR) analyses met the acceptance criteria
specified in Section 15.3 of the method and data qualification was not required.

3.1.4 System Performance

System performance was evaluated by the results obtained for the routine analysis of a spiked
control matrix (OPR analysis) and a certified reference material (CRM). Results for these
analyses indicate whether the analytical system isin control. The subsections below describe the
results for each evaluation parameter.

3.1.4.1 Ongoing Precision and Accuracy. As specified by the method, ongoing precision
and recovery was monitored by preparing and analyzing a spiked control matrix sample with
each preparation batch. The control matrix used was corn oil. These spiked samples are
equivalent to laboratory control samples (LCS). The table below lists the OPR samples
associated with each preparation batch.

OPR Sample Fish Population
WG3464-102 Vermilion Snapper — Reference Reef
WG3475-102 Vermilion Snapper — Target Reef
WG3495-102 White Grunt — Reference Reef
WG3513-102 White Grunt — Target Reef

The recoveries were compared to the acceptance ranges in Table 6 of Method 1668, Revision A
(50-150% for natives, 30-140% for labeled standards, and 40-125% for clean up standards). All
recoveries were within the applicable acceptance range and data qualification was not necessary.

3.1.4.2 Analysisof Certified Reference Material (CRM). Asindicated by the table below,
an aliquot of a CRM was prepared with each preparation batch. The CRM provided was labeled
as NIST CRM 1974a (organics in mussel tissue).

CRM Sample Fish Population
WG3464-103 Vermilion Snapper — Reference Reef
WG3475-103 Vermilion Snapper — Target Reef
WG3495-103 White Grunt — Reference Reef
WG3513-103 White Grunt — Target Reef

W :\Projects\53F00E9612_NAVY _PCB\Sub_12\6.0_Proj_Deliv\2004 Final Valid Reporfiaar Rnd 1 Validation Rpt4.doc 03/04/04(10:18 AM)

-10-



The results are summarized in the Table 3-2.

Table 3-2
SUMMARY OF RESULTSVS. CERTIFIED VALUES
Certified Concentration found (pg/g) Mean/Average | RSD Co-eluting

PCB Value WG3464 | WG3475 | WG3495 | WG3513 | Recovery (%) | Congeners

44 8280+840 11000 13700 15700 16100 14100/ 170% 16.5 47/65

49 101204590 6470 7810 9210 9650 8290/ 82% 174 69

52 13100+1300 9160 10900 13000 13700 11700/ 89% 17.7

66 115404500 8640 11400 12000 13100 11300/ 98% 16.8

101 | 14600+1100 11700 13500 15900 15900 14300/ 98% 14.3 90/113
105 6040+390 4630 4910 6310 5690 5390/ 89% 14.2

118 14900+400 11500 12600 15600 14200 13500/ 91% 133

128 2500+390 1530 1760 2090 2020 1850/ 74% 13.9 166
138 | 15200+1100* 11100 13800 15900 16100 14200/ 93% 164 129/160/163
156 850+110 691 700 892 881 791/ 93% 14.0 157
170 630+120 128 148 195 180 163 /26% 18.6

180 1950+430 912 1030 1290 1300 1130/ 58% 171 193
183 1820+270 1310 1540 1900 1840 1650/ 91% 16.7 185
187 3870+270 2020 2350 2660 2840 2470/ 64% 14.6

! Certified value for combination of PCB 138/163/164.
Tableislimited to those PCB congeners that are project target analytes.

While many results shown in Table 3-2 are not within the 95% level of confidence window of
the certified value, most mean values (12/14) are within the acceptance range of 50-150%, which
is the acceptance range specified in the method for evaluating OPR samples. The two exceptions
are PCB44 and PCB170. For PCB44 and PCB170, the determined values are consistently higher
and lower, respectively, than the certified values. Therefore, data qualification was limited to
PCB44 and PCB170. PCB44 and PCB170 were reported as present in al samples. Thus, the
results for PCB44 were qualified as estimated (J) with a potential high bias and the results for
PCB170 were qualified as estimated (J) with a potential low bias. The high recovery of PCB44
is likely related to the fact that this congener coelutes with PCB47 and PCB65. Overall, the
CRM results are considered to indicate that the accuracy of the analyses, and thus the
performance of the analytical system, is acceptable. Thisis further demonstrated by the results
in Table 3-3 which presents the ratio of individua results to the mean of the four results for each
congener.
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Table 3-3
RATIO OF INDIVIDUAL CONCENTRATIONSTO MEAN CONCENTRATION

PCB Ratio
Congener WG3464 WG3475 WG3495 WG3513

44 0.779 0.970 111 1.14
49 0.781 0.943 1.11 1.16
52 0.784 0.932 111 1.17
66 0.766 1.01 1.06 1.16
95 0.832 0.945 1.16 1.07
99 0.813 0.959 112 1.10
101 0.821 0.947 112 1.12
105 0.860 0.912 117 1.06
110 0.841 0.975 117 1.02
118 0.853 0.935 1.16 1.05
128 0.827 0.951 1.13 1.09
138 0.780 0.970 112 1.13
149 0.743 0.990 112 1.14
151 0.739 0.889 1.20 1.17
153 0.776 0.927 1.15 1.15
156 0.874 0.885 1.13 1.11
170 0.786 0.909 1.20 1.11
180 0.805 0.909 1.14 1.15
183 0.795 0.935 1.15 1.12
187 0.819 0.952 1.08 1.15
Mean Ratio 0.804 0.942 1.14 1.12
RSD (%) 4.64 3.42 3.06 3.90

The uniformity of the ratio within each analysis shown in Table 3-3 indicates that the differences
between replicate SRM results are most likely due to sampling variability rather than imprecision
in analysis. This would be consistent with the high water content of the samples, the relatively
small sample size dictated by the PCB concentrations present, and sub-sampling difficulties
encountered.

The sample, prepared by NIST as a frozen homogenate, had thawed upon receipt at Axys and
was no longer in the powder-like form required for the solid sub-sampling technique
recommended in the NIST Certificate of Analysis. For analysis at Axys, thawing and manual re-
homogenization were required prior to sub-sampling and additional analytical uncertainty could
be expected as the result of this.

3.1.5 Compound Identification

The following identification criteria had to be met for a PCB congener to be reported as present:

The signals for the two exact m/Z' s listed in Table 7 must be present and must maximize
within £2 seconds of one another.

The signal to noise ratio (S/N) of each of the two exact m/z’'s must be greater than or equal to
2.5 for asample and greater than or equal to 10 for a calibration standard.
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The ratio of the integrated ion currents for the selected ion current profiles (SICPs) for both
the exact m/z's monitored must be within the limits specified in Table 8 of the method.

The relative retention time (RRT) of the peaks representing the unlabeled PCB congeners
must be within 5% of the RRT obtained in the preceding standard analyses.

The results for PCB156 and PCB157, which co-elute on the primary SPB-Octyl column,
must be confirmed on a secondary column (DB-1).

With few exceptions, modifications to target compound identifications were not necessary. Asa
conservative measure, some target analytes were reported as detected although the ion ratio
criterion was not satisfied. These results received a“R” flag from the laboratory. In most cases
(24/26), the reported concentration was below the minimum reporting limit (MRL). Results for
these analytes were qualified as nondetect (U) due to failure to meet the applicable ion ratio
criterion. A gqualifer code of ID(IR)-1 was assigned to these results. For these results, the
reported concentration is considered to be the “effective” reporting limit. The table below lists
the affected samples.

Field Sample Analyte Field Sample Analyte
FS-200WG-R PCB18 FS-17-WG-R PCB123
PCB77 PCB126

PCB114 PCB184

PCB184 PCB189

FS-19-WG-R PCB49 FS-06-WG-R PCB18
FS07-VSR PCB114 FS-09-WG-R PCB123
PCB184 PCB184

FS-13-WG-R PCB77 FS-14-WG-R PCB123
PCB184 PCB126

FS-02-WG-R PCB126 PS-08-WG-R PCB77
FS-14-WGT PCB184 FS11-WG-T PCB77
FS10-WGR PCB126 FS-18-WG-R PCB77
PCB157

PCB184

Also, PCB169 was reported as present for five samples even though the second column failed to
confirm its presence. As such, the PCB169 results for samples FS-10-VS-R, FS-01-WG-R, FS
02-WG-R, FS-03-WG-R, and FS-20-WG-R were qualified as nondetect (U) at the detection limit
calculated from the primary column. A qualifier code of ID(NC)-1 was assigned to these results
to indicate that the identification was not confirmed and the bias direction is indeterminate.

PCB156 and PCB157 were confirmed on the secondary column. Because these two PCBs do not
co-€elute on the DB-1 column, all results for PCB156 and 157 were reported from the DB-1
column. In addition, all PCB169 results were confirmed by the secondary column.

3.1.6 Compound Quantitation

Target compound quantitation was evaluated by recal culating reported results to verify that
calculations were performed using the proper values for all factorsin the calculation. These
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factors include target analyte areas, reference internal standard area, internal standard
concentration, sample weight, and relative response factor (RRF).

No errors in compound quantitation were found. However, severa target PCB congeners co-
elute with one or more non-target PCBs. Detected results or these PCBs were qualified as
estimated (J) with a potential high bias because the reported value represents the sum of the
concentrations of the target PCB in addition to other co-eluting congeners. A qualifier code of
EMPC(C)-H was assigned to these results, where EMPC stands for estimated maximum possible
concentration and the “C” in parentheses indicates co-elution as the cause. The affected PCBs
are: PCB18, PCB28, PCB44, PCB49, PCB87, PCB101, PCB128, PCB138, PCB153, PCB180
and PCB183. Of these, the only dioxin-like congener is PCB180 which co-elutes with only one
non-target PCB congener (PCB193). As such, risk calculations for the dioxin-like congeners
should not be significantly affected by the potential high bias in PCB concentrations due to
coelution.

The reviewer noted that PCB126 detection limits for some samples were several times greater
than detection limits for other samples without a noticeable difference in the chromatragraphic
response in the applicable region of the chromatogram. PCB126 is a dioxin-like congener.
Because one- half of the detection limit is used in risk calculations for nondetect results, these
apparently higher detection limits were of concern because they could potentially artificially
raise risk calculations. Thus, Axys was contacted regarding the atypical PCB126 detection
[imits.

Axys explained that the detection limits are calculated by the instrument using a factor of 3
above the average noise detected in the region of the target analyte. Axys agreed that some of
the PCB126 detection limits appeared to be unusually high. Thus, Axys reviewed all PCB126
detection limits and manually calculated detection limits. Based on the additional review,
PCB126 detection limits for seven samples were revised. Revised sample reporting fornms were
sent for the affected samples. The electronic data were corrected by hand. The affected samples
include: FS-11-VS-T, FS-09-WG-T, FS- 100WG-T, FS-15-WG-T, FS- 16 WG-T, FS-17-WG-T,
and FS-18-WG-T. Inal seven cases, the manually calculated revised detection limit was less
than the detection limit reported initially.

3.1.7 Verification

The reviewer checked for correspondence between the raw sample data and the summary data
provided. With the exception of the PCB 169 results for five samples detailed above in Section
3.1.5, no transcription or reporting errors were found.

3.2 Resultsof Sample-Specific Review Criteria

The results of the evaluation of sample-specific criteria are described in this section. Evaluation
of sample-specific criteria allows the reviewer to assess the how the individua sample matrices
affect the method. In addition, the results obtained from field quality control samples are
evaluated and related to the investigative field samples.
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3.21 Genera Overall Assessment

All results are considered to be usable for meeting project objectives as qualified. Some results
were qualified as nondetect based on method blank results, rinsate blank results, ion ratios, or
lack of confirmation. Some results were qualified as estimated due to matrix spike recoveries,
CRM recoveries (as discussed above in Section 3.1.4.2), or due to co-elution with non-target
congeners (as discussed above in Section 3.1.6)

3.2.2 CaseNarrative Comments

The case narrative was very thorough, covering sample receipt and storage, sample preparation,
analysis, reporting conventions, and QA/QC issues, including a summary and discussion of the
CRM results.

The case narrative noted that the samples had started to thaw upon analysis.

The tissue samples were homogenized and a representative subsample (approximately 15
grams) was taken for analysis.

The samples were analyzed in four batches, each containing a method blank, a laboratory
generated spiked sample (LCYS), alaboratory duplicate, a matrix spike sample (MS), and a
client-supplied certified reference material (CRM).

Chromatographic separation of PCB congeners was carried out on an SPB-Octy!|
chromatography column. Because PCB 156 and PCB 157 co-elute on this column, a second
column (DB-1) was used for resolution of these congeners.

The case narrative provided an explanation of the Axys reporting conventions, including
definitions of all laboratory qualifiers.

The case narrative noted that all QC (linearities, calibration verifications, ongoing precision
and recovery, blanks) were met in the analysis of these samples.

The PCB 169 results were a so reported from the confirmation DB-1 column due to potential
interferences from higher homologue congeners in the quantification of this anayte on the
Octyl column.

The PCB 118 results for samples FS-02-WG-T and FS-18-WG-T were reported from the
confirmation DB-1 column because the recovery of the PCB 118 labeled internal standard,
while being within limits, was notably higher than the other labeled standards on the Octyl
column. (The cause is thought to be an interference which boosts the response of the labeled
compound which could potentially lead to authentic PCB 118 being under-reported.)

Matrix spike results for some analytes were not reported for the matrix spike conducted on
sample FS-02-WG-T because the native concentrations of the spiked congeners were greater
than four times the spiking level rendering the spike results inappropriate for assessing
accuracy.
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3.2.3 SampleHandling (COC Procedures, Sample Receipt, and Holding Times)

The fish samples were filleted on August 1 and 2, 2000. After filleting, the samples were
wrapped in foil and frozen. The fish fillet samples and four rinsate blanks were shipped by
Federa Expressto Axys on September 13, 2000 under proper COC procedures. Custody seals
were used and the shipping containers were intact upon receipt at Axys on September 15, 2000.
Cooler temperatures upon receipt were 1°C to 3°C. Sample receiving notes indicated that the
samples were received in good condition with ice present. The fish fillet samples were described
as semi-thawed. The samples were stored in the dark at <10°C until homogeni zation.

Sample homogenization occurred between September 19, 2000 and October 27, 2000. Sample
extraction occurred between October 13 and October 26, 2000. Sample analysis occurred
between October 24, 2000 and November 11, 2000. Method 1668, Revision A does not specify
holding time requirements, but does state that if stored in the dark at <10°C, tissue samples can
be stored for up to one year. The SAQAPRP specifies aholding time limit of 1 year. Thus, data
gualification on the basis of sample preservation, COC procedures, or holding times was not
necessary.

However, one difference in sample preparation was noted. The method specifies in Section 12.4
that prior to extraction, the tissue samples (typically a 10g aiquot) should be dried with 30 to
40g of anhydrous sodium sulfate for 12-24 hours. The fish tissue samples were dried for 2to 1
hour. However, Axys indicated that the drying time was sufficient to reach equilibrium as the
amount of anhydrous sodium sulfate used ranged from 75-100g and the sample volume was
approximately 15g. The laboratory modified the drying step in order to process samples more
efficiently. They indicated that studies of the modified process showed that the %2 to 1 hour
elapsed time was sufficient to dry the solvent. The objective of drying the solvent is to assure
uniform and adequate extraction efficiency of the solvent. It is not used in percent moisture
determination. The standard recoveries measured on samples verify that extraction efficiency
has not been adversely affected. The shortened drying time is not considered to affect the overall
quality or usability of the data.

3.24 Blank Reaults

Analyte results for samples were qualified as nondetect (U) if they were less than five times the
amount found in the associated method blank or rinsate blank. The subsections below detail
which sample results were qualified as nondetect on the basis of method blank or rinsate blank
results. In these instances, the measured concentration becomes the effective sample reporting
limit.

3.24.1 Method Blanks. The samples were prepared in four batches. As such, there were four
method blanks (MBs) analyzed in association with the fish tissue samples. The table below
summarizes the method blank detections and associated fish population contained in each of the
four batches.
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Analyte WG3464-101 WG3475-101 WG3494-101 WG3513-101
(VSR (VST) (WG-R) (WG-T?)

PCB 8 0416 R 0.386 0570 R
PCB 18 0.205 0.312 0.259 0.294
PCB 44 0.207R 0.305 0.685R 1.36
PCB 49 0.149 0.100 0.239R
PCB 52 0.153R 0.261 0.178 0.366
PCB 66 0.123R 0.105R 0.208
PCB 77 0.048R

PCB 114 0.061 R

PCB 118 0.129 R 0.19R 0.351 1.36/1.03°

PCB 123 0.045R 0.018R

PCB 126 0.038R

PCB 128 0.176 R

PCB 153 0.558 R 0.205R 1.03 152

PCB 156" 0.268 0.067 0.246

PCB 157 0.171 0.124

PCB 167 0.031R 0.144R

PCB 170 0.039R 0.365 0.274

PCB 180 0.635 0.110R 1.05R 0.891 R

PCB 187 0.144R 0.057 R 0.312 0.505

PCB 189 0.021R 0.046 R

PCB 195 0.143R

PCB 209 0.047 0.151R 0.095 R
t MCBs 0.159 0.599

t DiCBs 0.631 0.969

t TriCBs 0.205 0.832 0.818 0.707
t TeCBs 0.852 1.39 1.57

t PeCBs 0.469 0.811 3.45

t HxCBs 0.245 1.03 2.22

t HpCBs 0.635 0.677 0.880
t OCBs 0.037 242 0.277

t DeCBs (=209) 0.047 0.151R 0.095R
t PCBs 0.840 3.27 871 9.10
V'S = Vermilion Snapper -R = Reference Reef
WG = White Grunt -T = Target Reef

All units are pg/g.

R qualifier denotes that the ratio criterion was not met. Such values were treated as detections because the same interferences
noted in the MBs are likely to be present in the samples as well.

1 Except for individual congeners for sample FS-05-VSR.

2 Including individual congeners for sample FS05-VSR.

3 Result for confirmation column; two PCB118 results in this batch were reported from confirmation column.

4 Results for confirmation column as all PCB156 and PCB157 results were reported from confirmation column.
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The table below lists the sample results that were qualified as nondetect (U) based on the method
blank results.

Sample PCB 8 PCB 18 tMCBs t DiCBs
FS12-VST U U
FS20-VST U
FS-01-WG-R U
FS-02-WG-R U U U U
FS-03-WG-R U U
FS-06-WG-R U U U U
FS-08-WG-R U U U U
FS-09-WG-R U U U U
FS10-WG-R U U U U
FS12-WG-R U U U U
FS13-WG-R U U
FS-14-WG-R U U U U
FS-16-WG-R U U
FS17-WG-R U U U U
FS-18-WG-R U U U
FS19-WG-R U U U
FS-200WG-R U U U
FS14-WGT U

3.24.2 Rinsate Blanks. Four rinsate blanks were analyzed in association with these samples.
Two rinsates, samples RS-03-080100 and RS-04-080100, were prepared by pouring “reagent-
free” water over sampling equipment used for filleting the fish. Rinsate sample RS-03-080100
was associated with all samples filleted on August 1, 2000. These samplesinclude all of the
vermilion snapper samples. Rinsate sample RS-04-080100 was associated with all of the
samples filleted on August 2, 2000 (Note: the collection date recorded on the COC for this
sampleis August 3, 2000). These samplesinclude al of the white grunt samples.

The other two rinsates blanks (termed “proofs’ by Axys), samples PROOF #2 VIRTIS and
PROOF #11 GO01, were prepared at the laboratory by pouring “reagent-free” water through the
two decontaminated grinders used for sample homogenization. Rinsate blank sample PROOF
#11 GO1 was associated with all samples processed using the GO1 grinder. Rinsate blank sample
PROOF #2 VIRTIS was associated with all samples processed using the Virtis grinder. Forty-
eight of the sixty samples were prepared using the GO1 grinder.

The table below summarizes the rinsate blank detections that remained after accounting for
method blank contamination of the associated agueous method blanks.
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Analyte RS-03-080100 R S-04-080300 PROOF PROOF
#11 GO1 #2VIRITIS
PCB 8 2.59 2.84
PCB 123 0.34
PCB 170 0.364
PCB 187 0.991
PCB 189 0.202
t MCBs 3.80
t DICBs 6.33 114
t HpCBs 0.652
All unitsare pg/l.

The rinsate blank concentrations (ug/l) were converted to equivalent fish tissue concentrations by
assuming that all of the target analyte present in the rinsate blank aliquot analyzed was present in
the fish tissue aliquot analyzed. The table below lists the sample results that were qualified as
nondetect (U) based on the rinsate blank results.

Sample PCBS8 t MCBs t DiCBs
FS01-VSR
FS-02-VSR
FS05VSR
FS10-VSR
FS11-VSR
FS13-VSR
FS15VSR
FS16-VSR
FS18-VSR
FS22-VSR
FS11-VST
TS12-VST
FS20-VST
FS-02-WG-R
FS-03-WG-R
FS-06-WG-R U]
FS-08-WG-R
FS-09-WG-R
FS100WG-R
FS-12-WG-R
FS13-WGR
FS-14-WGR
FS166WGR
FS-17-WG-R U
FS18WG-R U
FS19-WGR
FS-200WG-R
FS-05WGT u
FS-17-WG-T U

Clcccicicic|clclcclciciciciccic|c|c
Cc

cccicc

clC|C

Cc

clccicicic
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3.25 Standard Recovery

Standards are injected into the individual samples prior to extraction, prior to cleanup, and prior
to injection to monitor the various stages of sample preparation and analysis. The results
obtained for each type are discussed below.

3.25.1 Recovery of *C-Labeled Internal Standards. C3-Labeled PCB congeners are added
to each sample and method blank prior to extraction in order to be an internal standard for the
guantitation of native dioxinlike and environmentally relevant PCB isomers. These internal
standards also serve for the assessment of the extraction efficiency for the individual sample
matrices. The recoveries of the 13*C-labeled interna standards were compared to the recovery
limits of 25-125% specified in Table 6 of the Method 1668, Revision A.

For each sample, the recoveries of all project-related internal standards were within the
acceptance range of 25-125% and data qualification was not necessary.

3.25.2 Recovery of Clean-up Standards. A solution containing three 13C-labeled congeners
is spiked into each sample and blank prior to cleanup to measure the efficiency of the clean-up
process. The recoveries of the clean up standards were compared to the acceptance range of 30-
135% specified in Table 6 of Method 1668, Revision A.

For each sample, the recoveries of all three clean up standards were within the acceptance range
of 30-135% and data qualification was not necessary.

3.2.5.3 Recovery of 2*C-Labeled Injection Internal Standards (Recovery Standards). A
solution containing five *C-labeled PCBs congeners is spiked into each sample prior to injection
(but after clean-up) for the following reasons:

to determine the recovery efficiency of the combined extraction and cleartup procedures,

to determine if the GC/M S sensitivity and response are stable during every analytical run,
and

to determine if the same amount of extract was injected into the GC/MS.

Injection internal standard performance was evaluated by comparing the total areafor the
two characteristic masses for each of the injection standards to a range of —25% to +200% of
the average area sum for the five initia calibration standards.

The responses noted for the injection standards for each sample satisfied this evaluation criterion
and data qualification was not necessary.
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3.26 Matrix Spike Results

Asindicated in the table below, a matrix spike sample was prepared on one sample from each
batch (each representing one fish population).

Matrix Spike Sample Parent Sample Fish Population
WG3464-106 FS-09-VSR Vermilion Snapper — Reference Reef
WG3475-106 FS09-VST Vermilion Snapper — Target Reef
WG3495-106 FS-03-WGR White Grunt — Referernce Reef
WG3513-106 FS02-WG-T White Grunt — Target Reef

The recoveries were compared against the SAQAP P acceptance range of 50-150. With two
exceptions, all recoveries were within the acceptance range. For the matrix spike analysis on
sample FS-09-VS-T, the recoveries of PCB 105 and PCB 118 were 164% and 217%,
respectively. As such, the PCB 105 and PCB 118 results for al vermilion snapper samples from
the target reef were qualified as estimated (J) with a potential high bias.

It should be noted thet for the matrix spike on sample FS-02-WG-T, eight of 12 spike recoveries
were not considered to be applicable for assessing accuracy with respect to the sample matrix
because the native sample concentrations were greater than 4x the spiking concentration

3.2.7 Laboratory Duplicate Analysis Results

As indicated in the table below, a duplicate sample was prepared on one sample from each batch
(each representing one fish population).

Duplicate Sample Parent Sample Fish Population
WG3464-105 FS01-VSR Vermilion Snapper — Reference Reef
WG3475-105 FS15-VST Vermilion Snapper — Target Reef
WG3495-105 FS13-WG-R White Grunt — Reference Reef
WG3513-105 FS17-WG-T White Grunt — Target Reef

The SAQAP;P specified a precision objective of an RPD less than 50%. However, an RPD is
not appropriate for assessing precision at concentrations near the reporting limit. The results
were, therefore, compared against the following concentrationdependent acceptance criteria as
acceptance limits for low concentraion samples were not specified in the method, SAQARP, or
Region IX SOP for the Validation of Method 1668 PCB Data

For analytes where either result was <5x the Minimum Reporting Limit (MRL), acceptable
agreement was indicated if the absolute difference between the results was <2xMRL.

For analytes where both results were >5xMRL, acceptable agreement was indicated if the
relative percent difference (RPD) between the results was <50%.
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The results for al laboratory duplicate samples satisfied the applicable evaluation criterion. As
such, data qualification was not necessary. The laboratory duplicate results indicate that the
overal analytical precision obtained was acceptable.

3.2.8 Fidld Duplicate Results

Asindicated in the table below, one field duplicate sample was prepared for each sample
population. The field duplicates were submitted as blind samples.

Primary Sample | Field Duplicate Sample Fish Population
FS22-VSR BLIND-01-091300 Vermilion Snapper — Reference Reef
FS06-VST BLIND-02-091300 Vermilion Snapper — Target Reef
FSO4-WG-T BLIND-03-091300 White Grunt — Target Reef
FS-01-WG-R BLIND-04-091300 White Grunt — Reference Reef

The field duplicate results were evaluated using the following concentration-dependent
evauation criteria, which are analogous to the criteria used to evaluate laboratory duplicate
results.

For analytes where either result was <5x the MRL, acceptable agreement was indicated if the
absolute difference between the results was <3xMRL.

For analytes where both results were >5xMRL, acceptable agreement was indicated if the
relative percent difference between the results was <50%.

All field duplicate results satisfied the applicable evaluation criterion indicating that overall
sampling and analysis precision can be considered acceptable. As such, the field duplicate
results suggest that the fish tissue samples are representative of the medium sampled.
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40 OVERALL ASSESSMENT OF POLYCHLORINATED BIPHENYL DATA

The fish tissue PCB results are considered to be usable for meeting project objectives with the
qualifications noted in Section 3. Some results were qualified as nondetect (U) on the basis of
method blank and/or rinsate blank contamination and some results were qualified as nondetect
on the basis of identification criteria. In these instances, the reported value is then considered to
be the “ effective” reporting limit. In addition, afew sample results were qualified as estimated
(J) on the basis of associated matrix spike recoveries, CRM results, or due to co-elution with one
or more nontarget PCBs.

The quantitative data quality indicators of sensitivity, accuracy, and precision are addressed
below.

41  Sendtivity

For Method 1668, Revision A, analyte reporting limits are analyte-specific and sample-specific.
For all target analytes, the laboratory calculated an estimated detection limit (EDL) based on a
signal to noiseratio of 3:1, in accordance with the method requirements.

In accordance with Section 3.2.4 of the SAQAPjP, an average target reporting limit less than
0.015 ng/g (15 pg/g) per individual congener was necessary in order to have atotal PCB
reporting limit of 3.2 ng/g which is necessary for risk-based evaluations. Of the 149 nondetect
results for individual congeners (for which the average detection limit was 4 pg/g and the median
detection limit was 0.26 pg/g), only 12 had detection limits greater than 15 pg/g. Of these, eight
results were for PCB126 and four were PCB169 results and al occurred for samples from the
white grunt target population. However, in each instance, the detection limits for the nondetect
results PCB126 of PCB169 results only accounted for 0.02% of the total PCB result. As such,
the level of sensitivity achieved for the individual sample analyses is considered to be
acceptable.

4.2  Accuracy

Accuracy is defined as the degree of agreement to an accepted reference or true value. Accuracy
was measured as the percent recovery (%R) of an analyte in areference standard (LCS or CRM)
or spiked sample (MS).

All LCS recoveries were within acceptance limits. The mean recoveries for 12 of 14 CRM target
analytes were within acceptance range of 50-150%. Forty-three of the 45 applicable matrix
spike recoveries were within acceptance ranges. Since the vast majority of spike recoveries were
within acceptance ranges, the overal level of accuracy achieved for the analysesis considered to
be acceptable.
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4.3 Precision

Precision is defined as the agreement between a set of replicate measurements without
assumption or knowledge of the true values (i.e. reproducibility). Precision of laboratory
measurements was evaluated by the comparison of sample/sample duplicate results.

The overall analytical precision of the analyses is considered to be acceptable as all 1aboratory
duplicate measurements satisfied the applicable evaluation criterion.

44  Completeness

Completeness is defined as the percentage of datathat is considered to be valid for meeting
project objectives. Valid results include those qualified as estimated or nondetect.

All analytical results are considered to be valid and usable for meeting project objectives. As
such, the analytical completeness for this data set is 100%.

45  Representativeness

Representativeness is the degree to which data accurately and precisely represent a characteristic
of a population, parameter variations at a sampling point, or an environmental condition. The
DQO process was used in the development of the associated workplan, thereby optimizing the
sample design. Representativeness was maintained during the sampling effort by completing
sampling in compliance with the workplan and relevant SOPs.

Consistent, uniform sample handling protocols, including such tasks as storage, preservation,
transportation, were used to assure that the representativeness of the samples gathered met
project objectives. Proper documentation in the field and laboratory verified that protocols were
followed and that sample identification as well as integrity was preserved.

In addition, one field duplicate sample was prepared for each sample population (i.e. white grunt
target, white grunt reference, vermilion snapper target, vermilion snapper reference). All field
duplicate results satisfied the applicable evaluation criterion indicating that overall sampling and
analysis precision can be considered acceptable. As such, the field duplicate results suggest that
the fish tissue samples are representative of the medium sampled.

4.6  Comparability

Comparability expresses the confidence with which one data set can be compared to another.
Comparability can be related to accuracy and precision because these quantities are measures of
datareliability. Data are comparable if collection techniques, measurement procedures,
analytica methods, and reporting limits are equivalent for the samples within aset. Asthe
samples within this set were analyzed in accordance with the quality assurance and quality
control measures prescribed by the analytical method and the SAQAP; P, and acceptable levels of
overall accuacy and precision were obtained, the data within this set are considered to be
comparable to each other.
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4.7 General Observations

Careful examination of all laboratory documentation and raw data was conducted and no errors
were found in sample preparation or anaysis.

While the sample populations (VS-R, VS-T, WG-R, WG-T) were generally homogenized/
prepared and analyzed together as a set, there were some instances where a sample of a particular
population got mixed with a difference population during preparation and/or analysis. For
instance, sample FS-05-VS-R was re-prepared and analyzed with the WG-T samples. Also, the
WG-T and WG-R field duplicate samples were homogenized/prepared and analyzed with the
opposite sample population. Despite these transpositions in preparation/analysis batches, results
for the individual samples still tended to agree extremely well with their own population. In
addition, a variety of Axys personnel were involved in the preparation of each batch. These
results strongly suggest that no systematic errors were made in sample preparation and analysis.
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APPENDIX A

METHOD 1668A
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Method 1668, Revision A

I ntroduction

Method 1668 was devel oped by the U.S. Environmental Protection Agency's (EPA's) Office of Science and
Technology for congener-specific determination of the polychlorinated biphenyl (PCB) congeners
designated as toxic by the World Health Organization. Revision A of Method 1668 has been expanded to
include congener-specific determination of more than 150 chlorinated biphenyl (CB) congeners. The toxic
PCBs and the beginning and ending level-of-chlorination CBs are determined by isotope dilution high

resol ution gas chromatography/high resolution mass spectrometry (HRGC/HRMS). The remaining CBs
are determined by internal standard HRGC/HRMS. Method 1668A is applicable to aqueous, solid, tissue,
and multi-phase matrices.

Method 1668A is based on validation in asingle laboratory. The basic revision of Method 1668 was
validated in two |aboratories.

Questions concerning this method or its application should be addressed to:

William A. Telliard

Analytical Methods Staff (4303)
Office of Science and Technology

U.S. Environmental Protection Agency
401 M Street, SW

Washington, DC 20460

Phone: 202/260-7134

Fax: 202/260-7185
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Note: This method is performance based. The laboratory is permitted to omit any step or modify any
procedure provided that al performance requirementsin this method are met. The laboratory may
not omit any quality control analyses. Theterms"shal," "must,” and “may not” define procedures
required for producing reliable results. The terms "should” and "may" indicate optional steps that
may be modified or omitted if the laboratory can demonstrate that the modified method produces
results equivalent or superior to results produced by this method.
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Chlorinated biphenyl congeners in water, soil, sediment,
biosolids and tissue by HRGC/HRM S

1.0 Scope and application

11

1.2

Method 1668, Revison A (Method 1668A; the Method) is for determination of chlorinated
biphenyl congeners (CBs) in water, soil, sediment, biosolids, tissue, and other sample
matrices by high resolution gas chromatography/high resolution mass spectrometry
(HRGC/HRMYS).

111

1.1.2

1.1.3

1.1.4

1.1.5

The CBsthat can be determined by this Method are the 12 polychlorinated
biphenyls (PCBs) designated as toxic by the World Health Organization (WHO)
plus the remaining 197 CBs, approximately 125 of which are resolved adequately
on an SPB-octyl gas chromatographic column to be determined as individual
congeners. The remaining approximately 70 congeners are determined as mixtures
of isomers (co-elutions).

The 12 PCBs designated as toxic by WHO (Toxics; aso known as dioxin-like
PCBs, DLPCBs) and the earliest and latest eluted congener at each level of
chlorination (LOC CBs) are determined by the isotope dilution quantitation
technique; the remaining congeners are determined by the internal standard
guantitation technique.

This Method alows determination of the PCB toxicity equivalent (TEQqcg) for the
Toxics in a sample using toxicity equivalency factors (TEFs; Reference 1) and
allows unique determination of 19 of 21 CBs of interest to the National Oceanic
and Atmospheric Administration (NOAA; Reference 2). A second-column option
is provided for resolution of the two toxic PCB congeners (with IUPAC numbers
156 and 157) that are not resolved on the SPB-actyl column and for resolution of
other CB congeners.

This Method also alows estimation of homolog totals by level of chlorination
(LOC) and estimation of total CBs in a sample by summation of the
concentrations of the CB congeners and congener groups.

Thelist of 209 CBsisgiven in Table 1 with the Toxics, the CBs of interest to
NOAA, and the LOC CBs identified.

This Method isfor use in data gathering and monitoring associated with the Clean Water
Act, the Resource Conservation and Recovery Act, the Comprehensive Environmental
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2.0

1.3

1.4

1.5

1.6

Response, Compensation and Liability Act, and the Safe Drinking Water Act. It is based
on a compilation of methods from the technical literature (References 3-5) and on EPA
Method 1613.

The detection limits and quantitation levelsin this Method are usually dependent on the
level of interferences and laboratory background levels rather than instrumenta limita-
tions. The estimated minimum levels of quantitation (EMLS) in Table 2 are the levels at
which the CBs can be determined with laboratory contamination present. The estimated
method detection limit (EMDL) for CB 126 in water is5 pg/L (picograms-per-liter; parts-
per-quadrillion) with no interferences present.

The GC/MS portions of this Method are for use only by analysts experienced with HRGC/
HRMS or under the close supervision of such qualified persons. Each laboratory that uses
this Method must demonstrate the ability to generate acceptable results using the
procedure in Section 9.2.

This Method is "performance-based.” The laboratory is permitted to modify the Method to
overcome interferences or lower the cost of measurements, provided that all performance
criteriaare met. The requirements for establishing Method equivalency are givenin
Section 9.1.2.

Any modification of this Method, beyond those expresdy permitted, shall be considered a
major modification subject to application and approval of alternate test procedures under
40 CFR 136.4 and 136.5.

Summary of Method

Flow charts that summarize procedures for sample preparation, extraction, and analysis are given
in Figure 1 for aqueous and solid samples, Figure 2 for multi-phase samples, and Figure 3 for
tissue samples.

2.1

Extraction

2.1.1 Aqueous samples (samples containing less than one percent solids)—Stable
isotopically labeled analogs of the Toxics and labeled LOC CBs are spiked into a
1-L sample. The sample is extracted using solid-phase extraction (SPE),
separatory funnel extraction (SFE), or continuous liquid/liquid extraction (CLLE).

2.1.2 Solid, semi-solid, and multi-phase samples (excluding tissue)—T he [abeled
compounds are spiked into a sample containing 10 g (dry weight) of solids.
Samples containing multiple phases are pressure filtered and any aqueous liquid is
discarded. Coarse solids are ground or homogenized. Any non-aqueous liquid
from multi-phase samples is combined with the solids and extracted in a
Soxhlet/Dean-Stark (SDS) extractor. The extract is concentrated for cleanup.
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2.2

2.3

24

25

2.6

2.1.3 Fish and other tissue—A 20-g aiquot of sample is homogenized, and a 10-g
aliquot is spiked with the labeled compounds. The sample is mixed with
anhydrous sodium sulfate, allowed to dry for 12 - 24 hours, and extracted for 18-
24 hours using methylene chloride:hexane (1:1) in a Soxhlet extractor. The
extract is evaporated to dryness, and the lipid content is determined.

After extraction, alabeled cleanup standard is spiked into the extract which is then cleaned
up using back-extraction with sulfuric acid and/or base, and gel permeation, silicagel, or
Florisil chromatography. Activated carbon and high-performance liquid chromatography
(HPLC) can be used for further isolation of specific congener groups. Prior to the cleanup
procedures cited above, tissue extracts are cleaned up using an anthropogenic isolation
column.

After cleanup, the extract is concentrated to 20 xL. Immediately prior to injection, labeled
injection internal standards are added to each extract and an aliquot of the extract is
injected into the gas chromatograph (GC). The analytes are separated by the GC and
detected by a high-resolution (>10,000) mass spectrometer. Two exact m/z's are
monitored at each level of chlorination (LOC) throughout a pre-determined retention time
window.

Anindividual CB congener isidentified by comparing the GC retention time and ion-
abundance ratio of two exact m/z's with the corresponding retention time of an authentic
standard and the theoretical or acquired ion-abundance ratio of the two exact m/z's.
Isomer specificity for certain of the CB congenersis achieved using GC columns that
resolve these congeners.

Quantitative analysisis performed in one of two ways using selected ion current profile
(SICP) areas:

2.5.1 For the Toxics and the LOC CBs, the GC/MS is multi-point calibrated and the
concentration is determined using the isotope dilution technique.

2.5.2 For al congeners other than the Toxics and LOC CBs, the GC/MSis cdibrated at
a single concentration and the concentrations are determined using the internal
standard technique.

2.5.3 For thelabeled Toxics, labeled LOC CBs, and the cleanup standards, the GC/MS
is calibrated using replicates at a single concentration and the concentrations of
these labeled compounds in samples are determined using the interna standard
technique.

The quality of the analysis is assured through reproducible calibration and testing of the
extraction, cleanup, and GC/MS systems.
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3.0 Definitions

Definitions are given in the glossary at the end of this Method.

4.0 Contamination and interferences

4.1

4.2

Solvents, reagents, glassware, and other sample processing hardware may yield artifacts,
elevated baselines, and/or lock-mass suppression causing misinterpretation of
chromatograms. Specific selection of reagents and purification of solvents by distillation
in all-glass systems may be required. Where possible, reagents are cleaned by extraction
or solvent rinse. Environmentally abundant CBs, as well as toxic congeners 105, 114,
118, 123, 156, 157, and 167 have been shown to be very difficult to completely eliminate
from the laboratory at levels lower than the EMDLs in this Method (Table 2), and baking
of glassware in akiln or furnace at 450 - 500 °C may be necessary to remove these and
other contaminants.

Proper cleaning of glassware is extremely important, because glassware may not only
contaminate the samples but may also remove the analytes of interest by adsorption on the
glass surface.

4.2.1 Glassware should be rinsed with solvent and washed with a detergent solution as
soon after use asis practical. Sonication of glassware containing a detergent
solution for approximately 30 seconds may aid in cleaning. Glassware with
removable parts, particularly separatory funnels with fluoropolymer stopcocks,
must be disassembled prior to detergent washing.

4.2.2 After detergent washing, glassware should be rinsed immediately, first with
methanol, then with hot tap water. The tap water rinse is followed by another
methanol rinse, then acetone, and then methylene chloride.

4.2.3 Baking of glassware in akiln or other high temperature furnace (300 - 500 °C)
may be warranted after particularly dirty samples are encountered. The kiln or
furnace should be vented to prevent |aboratory contamination by CB vapors.
Baking should be minimized, as repeated baking of glassware may cause active
sites on the glass surface that may irreversibly adsorb CBs.

4.2.4 Immediately prior to use, the Soxhlet apparatus should be pre-extracted with
toluene for approximately 3 hours (see Sections 12.3.1-12.3.3). The extraction
apparatus (Section 6.4) should be rinsed with methylene chloride/toluene (80/20
mixture).

4.2.5 A separate set of glassware may to necessary to effectively preclude contamination
when low-level samples are analyzed.
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4.3

4.4

4.5

4.6

4.7

All materials used in the analysis must be demonstrated to be free from interferences by
running reference matrix method blanks (Section 9.5) initially and with each sample batch
(samples started through the extraction process on a given 12-hour shift, to a maximum of
20 samples).

4.3.1 Thereference matrix must simulate, as closaly as possible, the sample matrix
under test. Idedlly, the reference matrix should not contain the CBs in detectable
amounts, but should contain potentia interferents in the concentrations expected to
be found in the samples to be analyzed.

4.3.2 When areference matrix that simulates the sample matrix under test is not
available, reagent water (Section 7.6.1) can be used to simulate water samples,
playground sand (Section 7.6.2) or white quartz sand (Section 7.3.2) can be used
to simulate soils; filter paper (Section 7.6.3) can be used to simulate papers and
similar materials, and corn oil (Section 7.6.4) can be used to simulate tissues.

Interferences co-extracted from samples will vary considerably from source to source,
depending on the diversity of the site being sampled. Interfering compounds may be
present at concentrations several orders of magnitude higher than the CBs. The most
frequently encountered interferences are chlorinated dioxins and dibenzofurans, methoxy
biphenyls, hydroxydiphenyl ethers, benzylphenyl ethers, brominated diphenyl ethers,
polynuclear aromatics, polychlorinated naphthalenes, and pesticides. Because very low
levels of CBs are measured by this Method, the elimination of interferences is essential.
The cleanup steps given in Section 13 can be used to reduce or eiminate these
interferences and thereby permit reliable determination of the CBs at the levels shown in
Table 2.

Each piece of reusable glassware should be numbered to associate that glassware with the
processing of a particular sample. Thiswill assist the laboratory in tracking possible
sources of contamination for individual samples, identifying glassware associated with
highly contaminated samples that may require extra cleaning, and determining when
glassware should be discarded.

Contamination of calibration solutions—The EMDLsand EMLsin Table 2 are the levels
that can be achieved with normal laboratory backgrounds present. Many of the EMLs are
greater than the equivalent concentrations of the caibration solutions. In order to prevent
contamination of the calibration solutions with the backgrounds allowed by the EMLSs, the
calibration solutions must be prepared in an area free from CB contamination using
glassware free from contamination. If these requirements cannot be met or are difficult to
meet in the laboratory, the laboratory should prepare the calibration solutionsin a
contamination-free facility or have a vendor prepare the calibration standards and
guarantee freedom from contamination.

Cleanup of tissue—The natural lipid content of tissue can interfere in the analysis of
tissue samples for the CBs. Thelipid contents of different species and portions of tissue
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4.8

can vary widely. Lipids are soluble to varying degrees in various organic solvents and
may be present in sufficient quantity to overwhelm the column chromatographic cleanup
procedures used for cleanup of sample extracts. Lipids must be removed by the
anthropogenic isolation column procedure in Section 13.6, followed by the gel permestion
chromatography procedure in Section 13.2. Florisil (Section 13.7) is recommended as an
additional cleanup step.

If the laboratory air is a potential source of CB contamination, samples, reagents,
glassware, and other materials should be dried in a glove box or other area free from
contamination.

5.0 Safety

51

52

5.3

The toxicity or carcinogenicity of each chemical used in this Method has not been precisaly
determined; however, each compound should be treated as a potential health hazard.
Exposure to these compounds should be reduced to the lowest possible level.

5.1.1 PCBs have been tentatively classified as known or suspected human or
mammalian carcinogens. On the basis of the available toxicological and physical
properties of the CBs, pure standards should be handled only by highly trained
personne thoroughly familiar with handling and cautionary procedures and the
associated risks.

5.1.2 Itisrecommended that the laboratory purchase dilute standard solutions of the
analytesin this Method. However, if primary solutions are prepared, they must be
prepared in a hood, and a NIOSH/MESA approved toxic gas respirator must be
worn when high concentrations are handled.

The laboratory is responsible for maintaining a current awareness file of OSHA
regulations regarding the safe handling of the chemicals specified in this Method. A
reference file of material safety data sheets (MSDSs) should also be made available to all
personnel involved in these analyses. It is also suggested that the [aboratory perform
personal hygiene monitoring of each analyst who uses this Method and that the results of
this monitoring be made available to the analyst. Additional information on laboratory
safety can be found in References 6-9. The references and bibliography at the end of
Reference 8 are particularly comprehensive in dealing with the general subject of
laboratory safety.

The pure CBs and samples suspected to contain these compounds are handled using
essentially the same techniques employed in handling radioactive or infectious materials.
Well-ventilated, controlled access laboratories are required. Assistance in evaluating the
health hazards of particular laboratory conditions may be obtained from certain consulting
laboratories and from State Departments of Health or Labor, many of which have an
industrial health service. Each laboratory must develop a strict safety program for
handling these compounds. The practices in Reference 10 for handling chlorinated




Method 1668, Revision A

dibenzo-p-dioxins and dibenzofurans (CDDs/CDFs) are also recommended for handling
the CBs.

531

5.3.2

5.3.3

534

535

5.3.6

5.3.7

5.3.8

Facility—When finely divided samples (dusts, soils, dry chemicals) are handled,
all operations (including removal of samples from sample containers, weighing,
transferring, and mixing) should be performed in a glove box demonstrated to be
leak tight or in a fume hood demonstrated to have adequate air flow. Grosslosses
to the laboratory ventilation system must not be alowed. Handling of the dilute
solutions normally used in analytical and animal work presents no inhalation
hazards except in the case of an accident.

Protective equipment—Disposable plastic gloves, apron or lab coat, safety glasses
or mask, and a glove box or fume hood adequate for radioactive work should be
used. During analytical operations that may give rise to aerosols or dusts,
personnel should wear respirators equipped with activated carbon filters. Eye
protection (preferably full face shields) must be worn while working with exposed
samples or pure analytical standards. Latex gloves are commonly used to reduce
exposure of the hands. When handling samples suspected or known to contain
high concentrations of the CBs, an additional set of gloves can aso be worn
beneath the latex gloves.

Training—Workers must be trained in the proper method of removing
contaminated gloves and clothing without contacting the exterior surfaces.

Personal hygiene—Hands and forearms should be washed thoroughly after each
manipulation and before breaks (coffee, lunch, and shift).

Confinement—Isolated work areas posted with signs, segregated glassware and
tools, and plastic absorbent paper on bench tops will aid in confining
contamination.

Effluent vapors—The effluent of the sample splitter from the gas chromatograph
(GC) and from roughing pumps on the mass spectrometer (MS) should pass
through either a column of activated charcoal or be bubbled through atrap
containing oil or high-boiling alcohols to condense CB vapors.

Waste Handling—Good technique includes minimizing contaminated waste.
Plastic bag liners should be used in waste cans. Janitors and other personnel
should be trained in the safe handling of waste.

Decontamination.

5.3.8.1 Decontamination of personnel—Use any mild soap with plenty of
scrubbing action.
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5.3.8.2

Glassware, tools, and surfaces—Chlorothene NU Solvent is aless
toxic solvent that should be effective in removing CBs. Satisfactory
cleaning may be accomplished by rinsing with Chlorothene, then
washing with any detergent and water. If glassware isfirst rinsed
with solvent, the wash water may be disposed of in the sewer. Given
the cost of disposal, it is prudent to minimize solvent wastes.

5.3.9 Laundry—Clathing known to be contaminated should be collected in plastic bags.
Persons that convey the bags and launder the clothing should be advised of the
hazard and trained in proper handling. The clothing may be put into a washer
without contact if the launderer knows of the potential problem. The washer
should be run through a cycle before being used again for other clothing.

5.3.10 Wipetests—A useful method of determining cleanliness of work surfaces and
toolsisto perform awipe test of the surface suspected of being contaminated.

5.3.10.1

5.3.10.2

5.3.10.2

Using a piece of filter paper moistened with Chlorothene or other
solvent, wipe an area approximately 10 x 10 cm.

Extract and analyze the wipe by GC with an electron capture detector
(ECD) or by this Method.

Using the area wiped (e.g., 10 x 10 cm = 0.01 m?), calculate the
concentration in xg/m?. A concentration less than 1 ..g/m? indicates
acceptable cleanliness; anything higher warrants further cleaning.
More than 100 .g/m? constitutes an acute hazard and requires prompt
cleaning before further use of the equipment or work space, and
indicates that unacceptable work practices have been employed.

6.0 Apparatus and materials

Note: Brand names, suppliers, and part numbers are for illustration purposes only and no
endorsement isimplied. Equivalent performance may be achieved using apparatus and
materials other than those specified here. Meeting the performance requirements of this Method
is the responsibility of the laboratory.

6.1

Sampling equipment for discrete or composite sampling

6.1.1 Sample bottles and caps.

6.1.1.1

Liquid samples (waters, sludges and similar materials containing 5
percent solids or less—Sample bottle, amber glass, 1.1-L minimum,
with screw cap.
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6.1.1.2

6.1.1.3

6.1.1.4

6.1.1.5

Solid samples (soils, sediments, sudges, paper pulps, filter cake,
compost, and similar materials that contain more than 5 percent
solids)—Sample bottle, wide mouth, amber glass, 500-mL minimum.

If amber bottles are not available, samples must be protected from
light.

Bottle caps—Threaded to fit sample bottles. Caps must be lined with
fluoropolymer.

Cleaning

6.1.1.5.1 Bottlesare detergent water washed, then solvent rinsed
before use.

6.1.1.5.2 Linersare detergent water washed and rinsed with
reagent water (Section 7.6.1).

6.1.2 Compositing equipment—Automatic or manual compositing system incorporating
glass containers cleaned per bottle cleaning procedure above. Only glass or
fluoropolymer tubing must be used. If the sampler uses a peristaltic pump, a
minimum length of compressible silicone rubber tubing may be used in the pump
only. Before use, the tubing must be thoroughly rinsed with methanol, followed by
repeated rinsing with reagent water to minimize sample contamination. An
integrating flow meter is used to collect proportional composite samples.

6.2 Equipment for glassware cleaning

Note: If blanks from bottles or other glassware or with fewer cleaning steps than required
above show no detectable CB contamination, unnecessary cleaning steps and equipment may be

eliminated.

6.2.1 Laboratory sink with overhead fume hood

6.2.2 Kiln—Capable of reaching 450 °C within 2 hours and maintaining 450 - 500 °C
within = 10 °C, with temperature controller and safety switch (Cress
Manufacturing Co, Santa Fe Springs, CA, B31H, X31TS, or equivalent). Seethe
precautions in Section 4.2.3.

6.3 Equipment for sample preparation
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6.3.1 Laboratory fume hood of sufficient size to contain the sample preparation
equipment listed below.

6.3.2 Glove box (optional)

6.3.3 Tissue homogenizer—VirTis Model 45 Macro homogenizer (American Scientific
Products H-3515, or equivalent) with stainless steel Macro-shaft and Turbo-shear
blade.

6.3.4 Meat grinder—Hobart, or equivalent, with 3- to 5-mm holesin inner plate.

6.3.5 Equipment for determining percent moisture
6.3.5.1 Oven—Capable of maintaining atemperature of 110+ 5 °C
6.3.5.2 Desiccator

6.3.6 Baances
6.3.6.1  Analyticd—Capable of weighing 0.1 mg
6.3.6.2  Top loading—Capable of weighing 10 mg

6.4 Extraction apparatus

6.4.1 Water samples
6.4.1.1 pH meter, with combination glass electrode
6.4.1.2 pH paper, wide range (Hydrion Papers, or equivalent)
6.4.1.3  Graduated cylinder, 1-L capacity

6.4.1.4 Liquid/liquid extraction—Separatory funnels, 250-, 500-, and 2000-
mL, with fluoropolymer stopcocks

6.4.1.5  Solid-phase extraction

6.4.1.5.1 1-L filtration apparatus, including glass funnel, frit
support, clamp, adapter, stopper, filtration flask, and
vacuum tubing (Figure 4). For wastewater samples, the
apparatus should accept 90 or 144 mm disks. For
drinking water or other samples containing low solids,
smaller disks may be used.

10
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6.5

6.4.1.6

6.4.1.5.2 Vacuum source—Capable of maintaining 25 in. Hg,
equipped with shutoff valve and vacuum gauge

6.4.1.5.3 Glassfiber filter—Whatman GMF 150 (or equivalent), 1
micron pore size, to fit filtration apparatus in Section
6.4.15.1

6.4.1.5.4 Solid-phase extraction disk containing octadecy! (Cy)
bonded silica uniformly enmeshed in an inert
matrix—Fisher Scientific 14-378F (or equivalent), to fit
filtration apparatus in Section 6.4.1.5.1

Continuous liquid/liquid extraction (CLLE)—Fluoropolymer or glass
connecting joints and stopcocks without lubrication, 1.5-2 L capacity
(Hershberg-Wolf Extractor, Cal-Glass, Costa Mesa, California, 1000
mL or 2000 mL, or equivalent).

6.4.2 Soxhlet/Dean-Stark (SDS) extractor (Figure 5 and Reference 11) for filters and
solid/dudge samples

6.4.2.1

6.4.2.2

6.4.2.3

6.4.2.4

6.4.2.5

Soxhlet—50-mm ID, 200-mL capacity with 500-mL flask (Cal-Glass
LG-6900, or equivalent, except substitute 500-mL round-bottom flask
for 300-mL flat-bottom flask)

Thimble—43 x 123 to fit Soxhlet (Cal-Glass LG-6901-122, or
equivalent)

Moisture trap—Dean Stark or Barret with fluoropolymer stopcock, to
fit Soxhlet

Heating mantle—Hemispherical, to fit 500-mL round-bottom flask
(Cal-Glass LG-8801-112, or equivalent)

Variable transformer—Powerstat (or equivalent), 110-volt, 10-amp

6.4.3 Beakers—400- to 500-mL

6.4.4 Spatulas—Stainless steel

Filtration apparatus

6.5.1 Pyrex glass wool—Solvent-extracted using a Soxhlet or SDS extractor for 3 hours

minimum

6.5.2 Glassfunne—125- to 250-mL

11
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6.5.3 GlassHiber filter paper—Whatman GF/D (or equivalent), to fit glass funnel in
Section 6.5.2.

6.5.4 Drying column—15- to 20-mm ID Pyrex chromatographic column equipped with
coarse-glass frit or glass-wool plug

6.5.5 Buchner funnd—15-cm

6.5.6 GlassHfiber filter paper for Buchner funnel above

6.5.7 Filtration flasks—1.5- to 2.0-L, with side arm

6.5.8 Pressurefiltration apparatus—Millipore Y T30 142 HW, or equivalent
6.6 Centrifuge apparatus

6.6.1 Centrifuge—Capable of rotating 500-mL centrifuge bottles or 15-mL centrifuge
tubes at 5,000 rpm minimum

6.6.2 Centrifuge bottles—500-mL, with screw-caps, to fit centrifuge
6.6.3 Centrifuge tubes—12- to 15-mL, with screw-caps, to fit centrifuge
6.7 Cleanup apparatus

6.7.1 Automated gel permeation chromatograph (Anaytical Biochemical Labs, Inc,
Columbia, MO, Model GPC Autoprep 1002, or equivaent)

6.7.1.1 Column—600-700 mm long x 25 mm ID glass, packed with 70 g of
200-400 mesh SX-3 Bio-beads (Bio-Rad Laboratories, Richmond,
CA, or equivalent)

6.7.1.2 Syringe—10-mL, with Luer fitting

6.7.1.3  Syringefilter holder—stainless steel, and glass-fiber or fluoropolymer
filters (Gelman 4310, or equivalent)

6.7.1.4 UV detectors—254-nm, preparative or semi-preparative flow cell
(Isco, Inc., Type 6; Schmadzu, 5-mm path length; Beckman-Altex
152W, 8-uL micro-prep flow cell, 2-mm path; Pharmacia UV-1, 3-
mm flow cdll; LDC Milton-Roy UV-3, monitor #1203; or
equivalent)xxx

6.7.2 Reverse-phase high-performance liquid chromatograph (Reference 4)

12
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6.7.2.1 Pump—Perkin-Elmer Series 410, or equivalent
6.7.2.2 I njector—Perkin-Elmer 1SS-100 Autosampler, or equivalent
6.7.2.3  6-Port switching valve—Valco N60, or equivalent

6.7.2.4 Column—Hypercarb, 100 x 4.6 mm, 5 um particle size, Keystone
Scientific, or equivaent

6.7.2.5 Detector—Altex 110A (or equivalent) operated at 0.02 AUFS at 235
nm

6.7.2.6 Fraction collector—Isco Foxy |1, or equivalent
6.7.3 Pipets

6.7.3.1 Disposable, Pasteur, 150-mm long x 5-mm ID (Fisher Scientific 13-
678-6A, or equivalent)

6.7.3.2 Disposable, serological, 50-mL (8- to 10- mm ID)
6.7.4 Glass chromatographic columns

6.7.4.1 150-mm long x 8-mm ID, (Kontes K-420155, or equivalent) with
coarse-glass frit or glass-wool plug and 250-mL reservoir

6.7.4.2 200-mm long % 15-mm ID, with coarse-glass frit or glass-wool plug
and 250-mL reservoir

6.7.4.3 300-mm long x 22-mm ID, with coarse-glass frit, 300-mL reservoir,
and glass or fluoropolymer stopcock

6.7.5 Oven—For baking and storage of adsorbents, capable of maintaining a constant
temperature (x5 °C) in the range of 105-250 °C

6.8 Concentration apparatus

6.8.1 Rotary evaporator—Buchi/Brinkman-American Scientific No. ES045-10 or
equivaent, equipped with a variable temperature water bath

6.8.1.1  Vacuum source for rotary evaporator equipped with shutoff valve at
the evaporator and vacuum gauge

6.8.1.2 A recirculating water pump and chiller are recommended, as use of
tap water for cooling the evaporator wastes large volumes of water

13
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6.9

6.8.1.3

and can lead to inconsistent performance as water temperatures and
pressures vary.

Round-bottom flask—100-mL and 500-mL or larger, with ground-
glass fitting compatible with the rotary evaporator

6.8.2 Kuderna-Danish (K-D) concentrator

6.8.2.1

6.8.2.2

6.8.2.3

6.8.2.4

6.8.2.5

Concentrator tube—10-mL, graduated (Kontes K-570050-1025, or
equivaent) with calibration verified. Ground-glass stopper (size
19/22 joint) is used to prevent evaporation of extracts.

Evaporation flask—500-mL (Kontes K-570001-0500, or equivalent),
attached to concentrator tube with springs (Kontes K-662750-0012 or
equivalent)

Snyder column—Three-ball macro (Kontes K-503000-0232, or
equivalent)

Boiling chips
6.8.2.4.1 Glassor silicon carbide—Approximately 10/40 mesh,
extracted with methylene chloride and baked at 450 °C

for one hour minimum

6.8.2.4.2 Huoropolymer (optional)—Extracted with methylene
chloride

Water bath—Heated, with concentric ring cover, capable of
maintaining a temperature within £2 °C, installed in a fume hood

6.8.3 Nitrogen blowdown apparatus—Equipped with water bath controlled in the range
of 30 - 60 °C (N-Evap, Organomation Associates, Inc., South Berlin, MA, or
equivaent), ingtalled in afume hood

6.8.4 Samplevias

6.8.4.1

6.8.4.2

Amber glass, 2- to 5-mL with fluoropolymer-lined screw-cap

Glass, 0.3-mL, conical, with fluoropolymer-lined screw or crimp cap

Gas chromatograph—Must have splitless or on-column injection port for capillary
column, temperature program with isothermal hold, and must meet al of the performance
specifications in Section 10.

14
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6.9.1 GC column—Any GC column or column system (2 or more columns) that
provides unique resolution and identification of the Toxics for determination of a
TEQpcs Using TEFs (Reference 1). Isomers may be unresolved so long as they
have the same TEF and response factor and so long as these unresolved isomers
are uniquely resolved from all other congeners. For example, the SPB-octyl
column (Section 6.9.1.3) achieves unique GC resolution of all Toxics except
congeners with [UPAC numbers 156 and 157. Thisisomeric pair is uniquely
resolved from all other congeners and these congeners have the same TEF and
response factor.

6.9.1.1 If an SPB-octyl column is used, it must meet the specification in
Section 6.9.1 and the following additional specifications:

6.9.1.1.1 Theretention time for decachlorobiphenyl (DFB; PCB
209) must be greater than 55 minutes.

6.9.1.1.2 The column must uniquely resolve congeners 34 from 23
and 187 from 182, and congeners 156 and 157 must co-
elute within 2 seconds at the peak maximum. Unique
resolution means a valley height less than 40 percent of
the shorter of the two peaks that result when the Diluted
combined 209 congener solution (Section 7.10.2.2) is
analyzed (see Figures 6 and 7).

6.9.1.1.3 The column must be replaced when any of the criteriain
Sections 6.9.1 - 6.9.1.1.2 are not met.

6.9.1.2 If a column or column system alternate to the SPB-octyl column is
used, specifications similar to those for the SPB-octyl column
(Sections 6.9.1 - 6.9.1.1.2) must be developed and be functionally
equivalent to those specifications.

6.9.1.3  Suggested column—30+5-m long % 0.25+0.02-mm ID; 0.25-um film
SPB-octyl (Supelco 2-4218, or equivalent). This column is capable
of meeting the requirements in Sections 6.9.1 - 6.9.1.1.2.

Note: The SPB-octyl column is subject to rapid degradation when exposed to oxygen. The
analyst should exclude oxygen fromthe carrier gas, should eliminate air leaks, and should cool
the injector, column, and transfer line before opening the column to the atmosphere. For further
information on precluding oxidation, contact the column manufacturer.

6.9.1.4  Column for resolution of additiona congeners—See Annex A for
details on the DB-1 column. The DB-1 column is optiona and is
capable of uniquely resolving the congener pair with IUPAC

15
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6.10

6.11

6.12

156 and 157. When used in combination with the SPB-octyl column
(Section 6.9.1.3), the two-column system is capable of resolving a
total of approximately 180 CB congeners.

Mass spectrometer—28- to 40-eV electron impact ionization, must be capable of
selectively monitoring a minimum of 22 exact m/z's minimum at high resolution (>10,000)
during a period less than 1.5 seconds, and must meet al of the performance specifications
in Section 10.

GC/MS interface—The mass spectrometer (MS) must be interfaced to the GC such that
the end of the capillary column terminates within 1 cm of the ion source but does not
intercept the electron or ion beams.

Data system—Capable of collecting, recording, storing, and processing MS data

6.12.1 Dataacquisition—The signal at each exact m/z must be collected repetitively
throughout the monitoring period and stored on a mass storage device.

6.12.2 Response factors and multipoint calibrations—The data system must record and
maintain lists of response factors (response ratios for isotope dilution) and
multipoint calibrations. Computations of relative standard deviation (RSD) are
used to test calibration linearity. Statistics on initial (Section 9.4) and ongoing
(Section 15.5.4) performance should be computed and maintained, either on the
instrument data system, or on a separate computer system.

7.0 Reagents and standards

7.1

7.2

pH adjustment and back-extraction

7.1.1 Potassium hydroxide—Dissolve 20 g reagent grade KOH in 100 mL reagent
water.

7.1.2 Sulfuric acid—Reagent grade (specific gravity 1.84)

7.1.3 Hydrochloric acid—Reagent grade, 6N

7.1.4 Sodium chloride—Reagent grade, prepare at 5% (w/v) solution in reagent water

Solution drying and evaporation

7.2.1 Solution drying—Sodium sulfate, reagent grade, granular, anhydrous (Baker
3375, or equivalent), rinsed with methylene chloride (20 mL/g), baked at 400 °C
for 1 hour minimum, cooled in a desiccator, and stored in a pre-cleaned glass

bottle with screw-cap that prevents moisture from entering. If, after heating, the
sodium sulfate develops a noticeable grayish cast (due to the presence of carbon

16
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7.3

in the crystal matrix), that batch of reagent is not suitable for use and should be
discarded. Extraction with methylene chloride (as opposed to smple rinsing)
and baking at alower temperature may produce sodium sulfate that is suitable
for use.

7.2.2 Tissue drying—Sodium sulfate, reagent grade, powdered, treated and stored as
in Section 7.2.1

7.2.3 Prepurified nitrogen
Extraction
7.3.1 Solvents—Acetone, toluene, cyclohexane, hexane, methanol, methylene

chloride, isooctane, and nonane; distilled in glass, pesticide quality, lot-certified
to be free of interferences

Note: Some solvents; e.g., isooctane and nonane, may need to be re-distilled to eliminate CB
backgrounds.

7.4

7.5

7.3.2 White quartz sand, 60/70 mesh—For Soxhlet/Dean-Stark extraction (Aldrich
Chemical, Cat. No. 27-437-9, or equivalent). Bake at 450 °C for 4 hour
minimum.

GPC calibration solution—Prepare a solution containing 2.5 mg/mL corn oil, 0.05
mg/mL bis(2-ethylhexyl) phthalate (BEHP), 0.01 mg/mL methoxychlor, 0.002 mg/mL
perylene, and 0.008 mg/mL sulfur, or at concentrations appropriate to the response of the
detector.

Adsorbents for sample cleanup
7.5.1 Silicagd

7.5.1.1  Activated silica gel—100-200 mesh, Supelco 1-3651 (or equivalent),
rinsed with methylene chloride, baked at 180 °C for a minimum of 1
hour, cooled in adesiccator, and stored in a precleaned glass bottle
with screw-cap that prevents moisture from entering.

7.5.1.2  Acidslicagd (30% w/w)—Thoroughly mix 44 g of concentrated
sulfuric acid with 100 g of activated silicagel in a clean container.
Break up aggregates with a stirring rod until a uniform mixtureis
obtained. Storein a screw-capped bottle with fluoropolymer-lined

cap.
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7.5.1.3

7.5.1.4

7.5.2 Cabon

7521

75.2.2

7.5.2.3

Basic silica gel—Thoroughly mix 30 g of 1N sodium hydroxide with
100 g of activated silicagel in aclean container. Break up
aggregates with a stirring rod until a uniform mixture is obtained.
Store in a screw-capped bottle with fluoropolymer-lined cap.

Potassium silicate

7.5.1.4.1 Dissolve56 g of high purity potassum hydroxide
(Aldrich, or equivalent) in 300 mL of methanol in a 750-
to 1000-mL flat-bottom flask.

7.5.1.4.2 Add 100 g of activated silicagel (Section 7.5.1.1) and a
stirring bar, and stir on an explosion-proof hot plate at
60-70 °C for 1-2 hours.

7.5.1.4.3 Decant the liquid and rinse the potassium silicate twice
with 100-mL portions of methanol, followed by asingle
rinse with 100 mL of methylene chloride.

7.5.1.4.4 Spread the potassium silicate on solvent-rinsed
aluminum foil and dry for 2-4 hoursin ahood. Observe
the precaution in Section 4.8.

7.5.1.4.5 Activate overnight at 200-250 °C prior to use.

Carbopak C—(Supelco 1-0258, or equivalent)
Celite 545—(Supelco 2-0199, or equivalent)
Thoroughly mix 18.0 g Carbopak C and 18.0 g Celite 545 to produce

a50% w/w mixture. Activate the mixture at 130 °C for a minimum
of 6 hours. Storein adesiccator.

Note: The carbon column has been included in this Method to allow separation of co-planar
congeners 77, 126, and 169 from other congeners and interferences, should such separation be

desired.

7.5.3 Anthropogenic isolation column—Pack the column in Section 6.7.4.3 from
bottom to top with the following:

7531

2gsilicagel (Section 7.5.1.1)
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7.6

75.3.2 2 g potassium silicate (Section 7.5.1.4)
7.5.3.3  2ggranular anhydrous sodium sulfate (Section 7.2.1)
7.5.3.4 10 g acid silicagel (Section 7.5.1.2)
7.5.3.5  2ggranular anhydrous sodium sulfate
7.5.4 Florisl column

754.1 Florisl—PR grade, 60-100 mesh (U.S. Silica Corp, Berkeley
Springs, WV, or equivalent). Alternatively, prepacked Florisil
columns may be used. Use the following procedure for Florisil
activation and column packing.

7.5.4.1.1 Fill aclean 1-to 2-L bottle 1/2 to 2/3 full with Florisl
and place in an oven at 130-150 °C for a minimum of
three days to activate the Florisil.

7.5.4.1.2 Immediately prior to use, dry pack a 300-mm x 22-mm
ID glass column (Section 6.7.4.3) bottom to top with
0.5-1.0 cm of warm to hot anhydrous sodium sulfate
(Section 7.2.1), 10-10.5 cm of warm to hot activated
Florisil (Section 7.5.4.1.1), and 1-2 cm of warm to hot
anhydrous sodium sulfate. Allow the column to cool
and wet immediately with 100 mL of n-hexane to
prevent water from entering.

7.5.4.2 Using the procedure in Section 13.7.3, establish the elution pattern
for each carton of Florisil or each lot of Florisil columns received.

Reference matrices—Matrices in which the CBs and interfering compounds are not
detected by this Method

7.6.1 Reagent water—Bottled water purchased locally, or prepared by passage through
activated carbon

7.6.2 High-solids reference matrix—Playground sand or similar material. Prepared by
extraction with methylene chloride and/or baking at 450 °C for a minimum of 4
hours.

7.6.3 Paper reference matrix—Glass-fiber filter, Gelman type A, or equivalent. Cut
paper to simulate the surface area of the paper sample being tested.

7.6.4 Tissue reference matrix—Corn or other vegetable oil.
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7.6.5 Other matrices—This Method may be verified on any reference matrix by
performing the tests given in Section 9.2. Idedlly, the matrix should be free of the
CBs, but in no case must the background level of the CBsin the reference
matrix exceed the minimum levelsin Table 2. If low background levels of the
CBs are present in the reference matrix, the spike level of the analytesused in
Section 9.2 should be increased to provide a spike-to-background ratio of
approximately 5 (Reference 11).

7.7 Standard solutions—Prepare from materials of known purity and composition or purchase
as solutions or mixtures with certification to their purity, concentration, and authenticity.
If the chemical purity is 98 % or greater, the weight may be used without correction to
calculate the concentration of the standard. Observe the safety precautionsin Section 5
and the recommendation in Section 5.1.2.

7.7.1 For preparation of stock solutions from neat materials, dissolve an appropriate
amount of assayed reference materia in solvent. For example, weigh 1 to 2 mg
of PCB 126 to three significant figures in a 10-mL ground-glass-stoppered
volumetric flask and fill to the mark with nonane. After the compound is
completely dissolved, transfer the solution to a clean 15-mL vial with
fluoropolymer-lined cap.

7.7.2 When not being used, store standard solutions in the dark at room temperature in
screw-capped vials with fluoropolymer-lined caps. Place amark on the via at
the level of the solution so that solvent loss by evaporation can be detected.
Replace the solution if solvent loss has occurred.

7.8 Native (unlabeled) stock solutions

7.8.1 Native Toxics/LOC stock solution—Prepare to contain the native Toxics and
LOC CBs at the concentrations shown in Table 3, or purchase Accu-Standard
M1668A-C-NT-LOC-WD-GCPC, or equivalent. If additional CBs are to be
determined by isotope dilution (e.g., 170 and 180), include the additional native
compounds in this stock solution.

7.8.2 Native 209 CB congener stock solutions—Solutions containing CB congeners to
calibrate the SPB-octyl column.

Note: If a column other than the SPB-octyl column is used, solutions that will allow separation
of all 209 congeners on that column must be prepared.

7.8.2.1 Native congener mix stock solutions for separation of individua
congeners on the SPB-octyl column—Prepare the five solutions with
the congenerslisted in Table 4 at the concentrations shown in Table
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7.9

7.10

3 or purchase Accu-Standard M-1668A-1, M-1668A-2, M-1668A-3,
M-1668-4, and M-1668-5, or equivalent.

7.8.2.2 Combined 209 congener stock solution—Combine equal volumes of
the standards in Section 7.8.2.1 to form a stock solution containing
al CB congeners. This solution will be a 1/5 the concentration of
the 5 individual solutions.

7.8.3 Stock solutions should be checked for signs of degradation prior to the
preparation of calibration or performance test standards. Reference standards
that can be used to determine the accuracy of standard solutions are available
from several vendors.

Labeled compound stock solutions (Table 3)

7.9.1 Labeled Toxics/'L OC/window-defining stock solution—Prepare in isooctane or
nonane at the concentrations in Table 3 or purchase Cambridge Isotope
Laboratories (CIL) EC-4977, or equivalent. If additional CBs are to be
determined by isotope dilution (e.g., 170 and 180), include the additional labeled
compounds in this stock solution.

7.9.2 Labeled cleanup standard stock solution-Prepare labeled CBs 28, 111, and 178 in
iso-octane or nonane at the concentration shown in Table 3 or purchase CIL EC-
4978, or equivalent.

7.9.3 Labeled injection internal standard stock solution—Prepare labeled CBs 9, 52,
101, 138, and 194 in nonane or isooctane at the concentrations shown in Table 3,
or purchase CIL EC-4979, or equivalent.

Cadlibration standards

7.10.1 Cdlibration standards—Combine and dilute the solutions in Sections 7.8.1 and
7.9 to produce the cdlibration solutions in Table 5 or purchase CIL EC-4976, or
equivalent, for the CS-1 to CS-5 set of calibration solutions. If a6-point
calibration is used, prepare the CS-0.2 solution or purchase CIL EC-4976-0.2, or
equivalent. These solutions permit the relative response (labeled to native) and
response factor to be measured as a function of concentration. The CS-3
standard (CIL EC-4976-3, or equivalent) is used for calibration verification
(VER).

7.10.2 Solutions of congener mixes
7.10.2.1 Diluted individual solutions

7.10.2.1.1 The 5individua solutions, when analyzed individualy,

21



Method 1668, Revision A

allow resolution of al 209 congeners on the SPB-actyl
column, and are used for establishing retention time and
other data for each congener. The elution order of the
congeners present in each of the 5 solutions (Section
7.8.2.1)isgivenin Table 4.

7.10.2.1.2 Individually combine an aiquot of each individual mix

stock solution (Section 7.8.2.1) with an aiquot of the
Labeled Toxics/L OC/window-defining stock solution
(Section 7.9.1), the Labeled cleanup standard stock
solution (Section 7.9.2), and the Labeled injection
internal standard stock solution (7.9.3) to produce
concentrations of 100 ng/mL for the labeled compounds
and 25, 50, and 75 ng/mL for the MoCB-TrCB, TeCB-
HpCB, and OcCB-DeCB congeners, respectively, as
shown in Table 3.

7.10.2.2 Diluted combined 209 congener solution

7.10.2.2.1 This solution combines the 5 individua mixes with the

labeled compounds to allow single-point calibration of
the congeners not included in the multi-point calibration,
and establishes an average response factor for the co-
eluting isomeric congeners.

7.10.2.2.2 Combine an aliquot of the combined 209 congener

solution (Section 7.8.2.2) with an aiquot of the Labeled
Toxics/LOC/window-defining stock solution (Section
7.9.1), the Labeled cleanup standard stock solution
(Section 7.9.2), and the Labeled injection internal
standard stock solution (7.9.3) to produce the same
concentrations as in the diluted individual mix solutions
(Section 7.10.2.1.2 and Table 3).

7.11 Native Toxics/LOC standard spiking solution—Used for determining initial precision
and recovery (IPR; Section 9.2) and ongoing precision and recovery (OPR; Section
15.5). Dilute the Native ToxicsLOC stock solution (Section 7.8.1) with acetone to
produce a concentration of the Toxics at 1 ng/mL, as shown in Table 3. When 1 mL of
this solution spiked into the IPR (Section 9.2.1) or OPR (Section 15.5) and concentrated
to afinal volume of 20 L, the concentration in the final volume will be 50 ng/mL (50
pa/uL). Prepare only the amount necessary for each reference matrix with each sample

batch.

7.12 Labeled Toxics/L OC/window-defining standard spiking solution—This solution is
spiked into each sample (Section 9.3) and into the IPR (Section 9.2.1), OPR (Section
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7.13

7.14

15.5), and blank (Section 9.5) to measure recovery. Dilute the Labeled Toxics/LOC/
window-defining stock solution (Section 7.9.1) with acetone to produce a concentration
of the labeled compounds at 2 ng/mL, as shown in Table 3. When 1 mL of this solution
is spiked into an IPR, OPR, blank, or sample and concentrated to afinal extract volume
of 20 nL, the concentration in the final extract volume will be 100 ng/mL (100 pg/uL).
Prepare only the amount necessary for each reference matrix with each sample batch.

Labeled cleanup standard spiking solution—This solution is spiked into each extract
prior to cleanup to measure the efficiency of the cleanup process. Dilute the Labeled
cleanup standard stock solution (Section 7.9.2) in methylene chloride to produce a
concentration of the cleanup standards at 2 ng/mL, as shown in Table 3. When 1 mL of
this solution is spiked into a sample extract and concentrated to afinal volume of 20 nL,
the concentration in the final volume will be 100 ng/mL (100 pg/uL).

Labeled injection interna standard spiking solution—This solution is added to each
concentrated extract prior to injection into the HRGC/HRMS. Dilute the Labeled
injection internal standard stock solution (Section 7.9.3) in nonane to produce a
concentration of the injection internal standards at 1000 ng/mL, as shown in Table 3.
When 2 nL of thissolution is spiked into a 20 uL extract, the concentration of each
injection internal standard will be nominally 100 ng/mL (100 pg/uL).

Note: The addition of 2 L of the Labeled injection internal standard spiking solution to a 20
uL final extract has the effect of diluting the concentration of the componentsin the extract by
10%. Provided all calibration solutions and all extracts undergo this dilution as a result of
adding the Labeled injection internal standard spiking solution, the effect of the 10% solution is
compensated, and correction for this dilution should not be made.

7.15

7.16

QC Check Sample—A QC Check Sample should be abtained from a source independent
of the calibration standards. Ideally, this check sample would be a certified Standard
Reference Material (SRM) containing the CBsin known concentrations in a sample
matrix similar to the matrix under test. The National Institute of Standards and
Technology (NIST) in Gaithersburg, Maryland has SRMs for severa individua CB
congeners, and as Aroclors in transformer and motor oil, in combination with pesticides
in cod liver oil, and in combination with 2,3,7,8-TCDD in human serum.

Stability of solutions—Standard solutions used for quantitative purposes (Sections 7.9
through 7.14) should be assayed periodically (e.g., every 6 months) against SRMs from
NIST (if available), or certified reference materials from a source that will attest to the
authenticity and concentration, to assure that the composition and concentrations have
not changed.
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8.0 Sample collection, preservation, storage, and holding times

8.1

8.2

8.3

8.4

8.5

Collect samples in amber glass containers following conventional sampling practices
(Reference 13).

Aqueous samples

8.2.1

8.2.2

8.2.3

8.2.4

Samples that flow freely are collected as grab samples or in refrigerated bottles
using automatic sampling equipment.

If residua chlorineis present, add 80 mg sodium thiosulfate per liter of water.
EPA Methods 330.4 and 330.5 may be used to measure residual chlorine
(Reference 14).

Adjust sample pH 2-3 with sulfuric acid.

Maintain aqueous samplesin the dark at 0-4 °C from the time of collection until
receipt at the laboratory. Storein the dark at 0-4 °C.

Solid samples

8.3.4

8.3.4

Solid samples are collected as grab samples using wide-mouth jars.

Maintain solid, semi-solid, oily, and mixed-phase samplesin the dark at <4 °C
from the time of collection until receipt at the laboratory. Store solid, semi-
solid, oily, and mixed-phase samples in the dark at <-10 °C.

Fish and other tissue samples

8.4.1

8.4.2

8.4.3

Fish may be cleaned, filleted, or processed in other ways in the field, such that
the laboratory may expect to receive whole fish, fish fillets, or other tissues for
anaysis.

Fish collected in the field should be wrapped in aluminum foil, and must be
maintained at atemperature less than 4 °C from the time of collection until
receipt at the laboratory. Idedly, fish should be frozen upon collection and
shipped to the laboratory under dry ice.

Tissue samples must be frozen upon receipt at the laboratory and maintained in
the dark at <-10 °C until prepared. Maintain unused sample in the dark at <-10
°C.

Holding times

8.5.1

There are no demonstrated maximum holding times associated with the CBsin
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aqueous, solid, semi-solid, tissues, or other sample matrices. If stored in the dark
at 0-4 °C and preserved as given above (if required), agueous samples may be
stored for up to oneyear. Similarly, if stored in the dark at <-10 °C, solid, semi-
solid, multi-phase, and tissue samples may be stored for up to one year.

8.5.2 Store sample extracts in the dark at <-10 °C until analyzed. If stored in the dark
at <-10 °C, sample extracts may be stored for up to one year.

9.0 Quality assurance/quality control

9.1

Each laboratory that uses this Method is required to operate aformal quality assurance
program (Reference 15). The minimum requirements of this program consist of an initial
demonstration of laboratory capability, analysis of samples spiked with labeled
compounds to evaluate and document data quality, and analysis of standards and blanks
astests of continued performance. Laboratory performance is compared to established
performance criteriato determine if the results of analyses meet the performance
characteristics of the Method.

If the Method is to be applied to sample matrix other than water (e.g., soils, filter cake,
compost, tissue) the most appropriate alternate reference matrix (Sections 7.6.2 - 7.6.5
and 7.15) is substituted for the reagent water matrix (Section 7.6.1) in al performance
tests.

9.1.1 The laboratory must make an initial demonstration of the ability to generate
acceptable precision and recovery with this Method. This demonstration is
given in Section 9.2.

9.1.2 Inrecognition of advances that are occurring in analytical technology, and to
overcome matrix interferences, the laboratory is permitted certain options to
improve separations or lower the costs of measurements. These options include
alternate extraction, concentration, and cleanup procedures, and changesin
columns and detectors. Alternate determinative techniques, such asthe
substitution of spectroscopic or immuno-assay techniques, and changes that
degrade Method performance, are not alowed. If an analytical technique other
than the techniques specified in this Method is used, that technique must have a
specificity equal to or greater than the specificity of the techniquesin this
Method for the analytes of interest.

9.1.21 Each time a modification is made to this Method, the laboratory is
required to repesat the procedure in Section 9.2. If the detection limit
of the Method will be affected by the change, the laboratory is
required to demonstrate that the MDLs (40 CFR Part 136, Appendix

are lower than one-third the regulatory compliance level or one-
third the EMDL s in this Method, whichever are greater. If
calibration will be affected by the change, the instrument must be
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9.1.2.2

recalibrated per Section 10.

The laboratory is required to maintain records of modifications made
to this Method. These records include the following, at a minimum:

9.1.2.21

9.1.2.2.2

9.1.2.2.3

9.1.2.2.4

9.1.2.2.5

The names, titles, addresses, and tel ephone numbers of
the analyst(s) that performed the analyses and
modification, and of the quality control officer that
witnessed and will verify the analyses and
modifications.

A listing of pollutant(s) measured, by name and CAS
Registry number.

A narrative stating reason(s) for the modifications.

Results from al quaity control (QC) tests comparing
the modified method to this Method, including:

a) Calibration (Section 10).

b) Calibration verification (Section 15.3).

C) Initial precision and recovery (Section 9.2).
d) Labeled compound recovery (Section 9.3).
e Analysis of blanks (Section 9.5).

f) Accuracy assessment (Section 9.4).

Datathat will allow an independent reviewer to validate
each determination by tracing the instrument output
(peak height, area, or other signal) to the final result.
These data are to include:

a) Sample numbers and other identifiers.
b) Extraction dates.
C) Analysis dates and times.

d) Analysis sequence/run chronology.
2) Sample weight or volume (Section 11).

f) Extract volume prior to each cleanup step
(Section 13).

0) Extract volume after each cleanup step (Section
13).

h) Final extract volume prior to injection (Section
14).

i) Injection volume (Section 14.3).

i) Dilution data, differentiating between dilution

of asample or extract (Section 17.5).
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9.2

9.1.3

9.1.4

9.1.5

9.1.6

k) Instrument and operating conditions.

)i Column (dimensions, liquid phase, solid
support, film thickness, etc).

m) Operating conditions (temperatures, temperature

program, flow rates).

n) Detector (type, operating conditions, etc).

0) Chromatograms, printer tapes, and other
recordings of raw data.

9)] Quantitation reports, data system outputs, and
other data to link the raw data to the results
reported.

9.1.2.3  Alternate HRGC columns and column systems—See Sections 6.9.1.
If acolumn or column system aternate to those specified in this
Method is used, that column or column system must meet the
requirementsin Section 6.9.1 - 6.9.1.1.3.

Analyses of method blanks are required to demonstrate freedom from
contamination (Section 4.3). The procedures and criteriafor analysis of a
method blank are described in Sections 9.5 and 15.6.

The laboratory must spike all samples with labeled compounds to monitor
Method performance. Thistest is described in Section 9.3. When results of
these spikes indicate atypical Method performance for samples, the samples are
diluted to bring Method performance within acceptable limits. Procedures for
dilution are given in Section 17.5.

The laboratory must, on an ongoing basis, demonstrate through calibration
verification and the analysis of the ongoing precision and recovery standard
(OPR) and blanks that the analytical system isin control. These procedures are
given in Sections 15.1 through 15.6.

The laboratory should maintain records to define the quality of data generated.
Development of accuracy statements is described in Section 9.4.

Initial precision and recovery (IPR)—To establish the ability to generate acceptable
precision and recovery, the laboratory must perform the following operations.

9.21

For low solids (agueous) samples, extract, concentrate, and analyze four 1-L
aliquots of reagent water spiked with 1 mL each of the Native ToxicgLOC
spiking solution (Section 7.11), the Labeled Toxics/L OC/window-defining
standard spiking solution (Section 7.12), and the Labeled cleanup standard
spiking solution (Section 7.13), according to the procedures in Sections 11
through 18. For an aternative sample matrix, four aliquots of the alternative
reference matrix (Section 7.6) are used. All sample processing steps that are to
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9.3

9.4

9.2.2

9.2.3

be used for processing samples, including preparation (Section 11), extraction
(Section 12), and cleanup (Section 13), must be included in this test.

Using results of the set of four analyses, compute the average percent recovery
(X) of the extracts and the relative standard deviation (RSD) of the concentration
for each compound, by isotope dilution for CBs with alabeled analog, and by
internal standard for CBs without a labeled analog and for the labeled
compounds.

For each CB and labeled compound, compare RSD and X with the
corresponding limits for initial precision and recovery in Table 6. If RSD and X
for all compounds meet the acceptance criteria, system performance is
acceptable and analysis of blanks and samples may begin. If, however, any
individual RSD exceeds the precision limit or any individual X falls outside the
range for recovery, system performance is unacceptable for that compound.
Correct the problem and repeat the test (Section 9.2).

To assess Method performance on the sample matrix, the laboratory must spike al
samples with the Labeled Toxics/L OC/window-defining standard spiking solution
(Section 7.12) and al sample extracts with the Labeled cleanup standard spiking solution
(Section 7.13).

9.3.1

9.3.2

9.3.3

Analyze each sample according to the procedures in Sections 11 through 18.

Compute the percent recovery of the labeled Toxics/L OC/window-defining
congeners and the labeled cleanup congeners using the internal standard method
(Section 17.2).

The recovery of each labeled compound must be within the limitsin Table 6. If
the recovery of any compound falls outside of these limits, Method performance
is unacceptable for that compound in that sample. Additional cleanup
procedures must then be employed to attempt to bring the recovery within the
normal range. If the recovery cannot be brought within the normal range after all
cleanup procedures have been employed, water samples are diluted and smaller
amounts of soils, dudges, sediments, and other matrices are analyzed per Section
18.

It is suggested but not required that recovery of labeled compounds from samples be
assessed and records maintai ned.

9.4.1 After theanalysis of 30 samples of agiven matrix type (water, soil, sludge, pulp,

etc.) for which the labeled compounds pass the tests in Section 9.3, compute the
average percent recovery (R) and the standard deviation of the percent recovery
(Sg) for the labeled compounds only. Express the assessment as a percent
recovery interval from R - 2S; to R + 2S; for each matrix. For example, if R =
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9.5

9.6

9.7

90% and S; = 10% for five analyses of pulp, the recovery interval is expressed
as 70 to 110%.

9.4.2 Update the accuracy assessment for each labeled compound in each matrix on a
regular basis (e.g., after each five to ten new measurements).

Method blanks—A reference matrix Method blank is analyzed with each sample batch
(Section 4.3) to demonstrate freedom from contamination. The matrix for the Method
blank must be similar to the sample matrix for the batch, e.g., a 1-L reagent water blank
(Section 7.6.1), high-solids reference matrix blank (Section 7.6.2), paper matrix blank
(Section 7.6.3); tissue blank (Section 7.6.4), or aternative reference matrix blank
(Section 7.6.5).

9.5.1 Spike 1.0 mL each of the Labeled Toxics/L OC/window-defining standard
spiking solution (Section 7.12), and the Labeled cleanup standard spiking
solution (Section 7.13) into the Method blank, according to the proceduresin
Sections 11 through 18. Prepare, extract, clean up, and concentrate the Method
blank. Analyze the blank immediately after analysis of the OPR (Section 15.5)
to demonstrate freedom from contamination.

9.5.2 If any CB (Table 1) isfound in the blank at greater than the minimum level
(Table 2) or one-third the regulatory compliance limit, whichever is greater; or if
any potentially interfering compound is found in the blank at the minimum level
for each CB given in Table 2 (assuming a response factor of 1 relative to the
guantitation referencein Table 2 at that level of chlorination for a potentially
interfering compound; i.e., acompound not listed in this Method), analysis of
samples must be halted until the sample batch is re-extracted and the extracts re-
analyzed, and the blank associated with the sample batch shows no evidence of
contamination at these levels. All samples must be associated with an
uncontaminated Method blank before the results for those samples may be
reported or used for permitting or regulatory compliance purposes.

QC Check Sample—Analyze the QC Check Sample (Section 7.15) periodically to assure
the accuracy of calibration standards and the overall reliability of the analytical process.
It is suggested that the QC Check Sample be analyzed at least quarterly.

The specifications contained in this Method can be met if the apparatus used is calibrated
properly and then maintained in a calibrated state. The standards used for calibration
(Section 10), calibration verification (Section 15.3), and for initial (Section 9.2) and
ongoing (Section 15.5) precision and recovery should be identical, so that the most
precise results will be obtained. A GC/MS instrument will provide the most
reproducible results if dedicated to the settings and conditions required for determination
of CBs by this Method.
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9.8 Depending on specific program requirements, field replicates may be collected to
determine the precision of the sampling technique, and spiked samples may be required
to determine the accuracy of the analysis when the internal standard method is used.

10.0 Calibration

10.1 Edablish the operating conditions necessary to meet the retention times (RTs) and
relative retention times (RRTSs) for the CBsin Table 2.

10.1.1 Suggested GC operating conditions:

Injector temperature: 270 °C
Interface temperature: 290 °C
Initial temperature: 75 °C

Initia time;

2 minutes

Temperature program:  75-150 °C @ 15 °C/minute

Find time

150-290 °C @ 2.5 °C/minute
1 minute

Note: All portions of the column that connect the GC to the ion source should remain at or
above the interface temperature specified above during analysis to preclude condensation of less

volatile compounds.

The GC conditions may be optimized for compound separation and sensitivity.
Once optimized, the same GC conditions must be used for the analysis of al
standards, blanks, IPR and OPR standards, and samples.

10.1.2 Retention time calibration for the CB congeners

10.1.2.1

10.1.2.2

Separately inject each of the diluted individual congener solutions
(Section 7.10.2.1.2). Establish the beginning and ending retention
times for the scan descriptorsin Table 7. Scan descriptors other
than those listed in Table 7 may be used provided the MLsin Table
2 aremet. Store the retention time (RT) and relative retention time
(RRT) for each congener in the data system.

The absolute retention time of CB 209 must exceed 55 minutes on
the SPB-octyl column; otherwise, the GC temperature program must
be adjusted and this test repeated until the minimum retention time
criterionismet. If a GC column or column system alternate to the
SPB-octyl column is used, asimilar minimum retention time
specification must be established for the alternate column or column
systems so that interferences that may be encountered in
environmental samples will be resolved from the analytes of interest.
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This specification is deemed to be met if the retention time of CB
209 is greater than 55 minutes on such aternate column.

10.1.2.3 Inject the Diluted combined 209 congener solution (Section 7.10.2.2
and Table 5). Adjust the chromatographic conditions and scan
descriptors until the RT and RRT for al congeners are within the
windowsin Table 2 and the column performance specifications in
Sections 6.9.1 - 6.9.1.2 are met. If an alternate column is used,
adjust the conditions for that column. 1f column performanceis
unacceptable, optimize the analysis conditions or replace the column
and repeat the performance tests. Confirm that the scan descriptor
changes at times when CBs do not elute.

10.1.2.4  After the column performance tests are passed (Section 10.1.2.2 -
10.1.2.3), storethe RT and RRT for the resolved congeners and the
RT and RRT for the isomeric congenersthat co-elute.

10.2  Mass spectrometer (MS) resolution

10.2.1 Using PFK (or other reference substance) and a molecular leak, tune the
instrument to meet the minimum required resolving power of 10,000 (10%
valley) at m/z 330.9792 or any other significant PFK fragment in the range of
300 to 350. For each descriptor (Table 7), monitor and record the resolution and
exact m/z's of three to five reference peaks covering the mass range of the
descriptor. The level of PFK (or other reference substance) metered into the
HRMS during analyses should be adjusted so that the amplitude of the most
intense selected lock-mass m/z signal (regardless of the descriptor number) does
not exceed 10% of the full-scale deflection for a given set of detector
parameters. Under those conditions, sensitivity changes that might occur during
the analysis can be more effectively monitored.

Note: Different lots and types of PFK can contain varying levels of contamination, and
excessive PFK (or other reference substance) may cause noise problems and contamination of
the ion source necessitating increased frequency of source cleaning.

10.2.2 The analysistime for CBs may exceed the long-term mass stability of the mass
spectrometer. Because the instrument is operated in the high-resolution mode,
mass drifts of afew ppm (e.g., 5 ppm in mass) can have serious adverse effects
on instrument performance. Therefore, mass-drift correction is mandatory and a
lock-mass m/z from perfluorokerosene (PFK) or other reference substance is
used for drift correction. The lock-mass m/z is dependent on the exact m/z's
monitored within each descriptor, as shown in Table 7. The deviation between
the exact m/z and the theoretical m/z (Table 7) for each exact m/z monitored
must be less than 5 ppm.
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10.3

10.2.3

10.2.4

Obtain a selected ion current profile (SICP) at the two exact m/z's specified in
Table 7 and at >10,000 resolving power at each LOC for the native congeners
and congener groups and for the labeled congeners. Because of the extensive
mass range covered in each function, it may not be possible to maintain 10,000
resolution throughout the mass range during the function. Therefore, resolution
must be >8,000 throughout the mass range and must be >10,000 in the center of
the mass range for each function.

If the HRM S has the capability to monitor resolution during the anaysis, it is
acceptable to terminate the analysis when the resolution falls below the
minimum (Section 10.2.1.3) to save re-analysis time.

lon abundance ratios, minimum levels, and signal-to-noise ratios. Choose an injection
volume of either 1 or 2 uL, consistent with the capability of the HRGC/HRM S
instrument. Injectal or 2 nL aliquot of the CS-1 calibration solution (Table 5) using the
GC conditionsin Section 10.1.1.

10.3.1

Measure the SICP areas for each congener or congener group, and compute the
ion abundance ratios at the exact m/z's specified in Table 7. Compare the
computed ratio to the theoretical ratio givenin Table 8.

10.3.1.1 The exact m/z's to be monitored in each descriptor are shown in
Table 7. Each group or descriptor must be monitored in succession
as afunction of GC retention time to ensure that the CBs of interest
are detected. Additional m/z's may be monitored in each descriptor,
and the m/z's may be divided among more than the descriptors listed
in Table 7, provided that the laboratory is able to monitor the m/z's
of al CBsthat may elute from the GC in agiven LOC window. The
laboratory must also monitor exact m/z's for congeners at higher
levels of chlorination to determine if fragments will compromise
measurement of congeners at lower levels of chlorination.

10.3.1.2 The mass spectrometer must be operated in a mass-drift correction
mode, using PFK (or other reference substance) to provide lock
m/z's. Thelock mass for each group of m/z'sis shownin Table 7.
Each lock mass must be monitored and must not vary by more than
+20% throughout its respective retention time window. Variations
of lock mass by more than 20% indicate the presence of co-eluting
interferences that raise the source pressure and may significantly
reduce the sensitivity of the mass spectrometer. Re-injection of
another aliquot of the sample extract may not resolve the problem
and additiona cleanup of the extract may be required to remove the
interference. A lock mass interference or suppression in aretention
time region in which CBs and labeled compounds do not elute may
be ignored.
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10.3.2 All CBsand labeled compoundsin the CS-1 standard must be within the QC
limitsin Table 8 for their respective ion abundance ratios; otherwise, the mass
spectrometer must be adjusted and this test repeated until the m/z ratios fall
within the limits specified. If the adjustment alters the resolution of the mass
spectrometer, resolution must be verified (Section 10.2.1) prior to repest of the
test.

10.3.3 Veify that the HRGC/HRMS instrument meets the estimated minimum levels
(EMLs) in Table 2. The peaks representing the CBs and labeled compounds in
the CS-1 calibration standard must have signal-to-noise ratios (S/N) > 10;
otherwise, the mass spectrometer must be adjusted and this test repeated until the
minimum levelsin Table 2 are met.

Note: The EMDLsand EMLsin Table 2 are based on the levels of contamination normally
found in laboratories. Lower levels may be readily achievable if segregation and extensive
cleaning of glassware is employed. If lower levels are achievable, these levels must be
established as described in Section 17.6.1.4.1.

10.4 Cdibration by isotope dilution—Isotope dilution is used for calibration of the
Toxics/LOC CBs. The reference compound for each native compound its |abeled
analog, aslisted in Table 2. A 5- or 6-point calilbration encompassing the concentration
range is prepared for each native congener.

10.4.1 For the Toxics/LOC CBs determined by isotope dilution, the relative response
(RR) (labeled to native) vs. concentration in the calibration solutions (Table 5) is
computed over the calibration range according to the procedures described
below. Five calibration points are employed for less-sensitive HRMS
instruments (e.g., VG 70); five or six points may be employed for more-sensitive
instruments (e.g., Micromass Autospec Ultima).

10.4.2 The response of each ToxicsLOC CB relative to its labeled analog is determined
using the area responses of both the primary and secondary exact m/z's specified
in Table 7, for each calibration standard, as follows:

(A1, - A2) C
(A1, + A2) C,
Where:
Al and A2 = The areas of the primary and secondary nvZs for the PCB.

Al and A2, = The areas of the primary and secondary nvZs for the labeled compound.
C, = The concentration of the labeled compound in the calibration standard (Table 5).

C,, = The concentration of the native compound in the calibration standard (Table 5).
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10.5

Where:

10.4.3 To calibrate the analytical system by isotope dilution, inject calibration standards
CS-1 through CS-5 (Section 7.10 and Table 5) for aless sensitive instrument or
CS-0.2 through CS-5 for a more sensitive instrument. Use avolume identical to
the volume chosen in Section 10.3, the procedure in Section 14, and the
conditionsin Section 10.1.1. Compute and store the relative response (RR) for
each Native ToxicsLOC CB at each concentration. Compute the average
(mean) RR and the RSD of the 5 (or 6) RRs.

10.4.4 Linearity—If the RR for any Native Toxics/LOC CB is constant (less than 20%
RSD), the average RR may be used for that congener; otherwise, the complete
calibration curve for that congener must be used over the calibration range.

Cdlibration by internal standard—Internal standard calibration is applied to
determination of the native CBs for which alabeled compound is not available, to
determination of the Labeled Toxics/L OC/window-defining congeners and Labeled
cleanup congeners for performance tests and intra-laboratory statistics (Sections 9.4 and
15.5.4), and to determination of the Labeled injection internal standards except for CB
178. The reference compound for each compound islisted in Table 2. For the native
congeners (other than the Native Toxics/LOC CBs), calibration is performed at asingle
point using the CS-3 (VER) standard. For the labeled compounds, calibration is
performed using data from the 5 (or 6) points in the calibration for the Native
ToxicgLOC CBs (Section 10.4).

10.5.1 Response factors—Interna standard calibration requires the determination of
response factors (RF) defined by the following equation:

_ (Als + AZS) Cis
(Alis + A2is) Cs

Al  and A2, = The areas of the primary and secondary nmvZs for the PCB.
Al and A2 = The areas of the primary and secondary nmvZs for the internal standard.

C.. = The concentration of the internal standard (Table 5).

is

C, = The concentration of the compound in the calibration standard (Table 5).

10.5.2 To single-concentration calibrate the analytical system for native CBs other than
the Native Toxics/LOC CBs by internal standard, inject the Diluted combined
209 congener solution (Section 7.10.2.2 and Table 3). Use avolumeidentical to
the volume chosen in Section 10.3, the procedure in Section 14, and the
conditionsin Section 10.1.1.

10.5.3 Compute and store the response factor (RF) for al native CBs except the Native
Toxics/LOC CBs. Use the average (mean) response of the labeled compounds at
each leve of chlorination (LOC) as the quantitation reference, as shown in Table
2. For the combinations of isomeric congeners that co-elute, compute a
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combined RF for the co-eluted group. For example, for congener 122, the areas
at the two exact m/z's for 104L, 105L, 114L, 123L, 118L, and 126L are summed
and thetotal areaisdivided by 6 (because there are 6 congenersin the
guantitation reference).

Note: All labeled congeners at each LOC are used as reference to reduce the effect of an
interference if a single congener is used asreference. Other quantitation references and
procedures may be used provided that the results produced are as accurate as results produced
by the quantitation references and procedures described in this Section.

10.5.4 Compute and store the response factor (RF) for the labeled compounds, except
CB 178. For the Labeled Toxics/L OC/window-defining compounds and the
Labeled cleanup standards, use the nearest eluted Labeled injection internal
standard as the quantitation reference, as given in Table 2. The Labeled
injection internal standards are referenced to CB 178, as shown in Table 2.

11.0 Sample preparation

11.1 Sample preparation involves modifying the physical form of the sample so that the CBs
can be extracted efficiently. 1n general, the samples must bein aliquid form or in the
form of finely divided solidsin order for efficient extraction to take place. Table 9 lists
the phases and suggested quantities for extraction of various sample matrices.

For samples known or expected to contain high levels of the CBs, the smallest sample
size representative of the entire sample should be used (see Section 18). For all samples,
the blank and IPR/OPR aliquots must be processed through the same steps as the sample
to check for contamination and losses in the preparation processes.

11.1.1 For samplesthat contain particles, percent solids and particle size are determined
using the procedures in Sections 11.2 and 11.3, respectively.

11.1.2 Aqueous samples—Because CBs may be bound to suspended particles, the
preparation of aqueous samplesis dependent on the solids content of the sample.

11.1.2.1  Aqueous samples containing one percent solids or less are prepared
per Section 11.4 and extracted directly using one of the extraction
techniques in Section 12.2.

11.1.2.2 For agueous samples containing greater than one percent solids, a
sample aliquot sufficient to provide 10 g of dry solidsis used, as
described in Section 11.5.

11.1.3 Solid samples are prepared using the procedure described in Section 11.5
followed by extraction using the SDS procedure in Section 12.3.
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11.1.4 Multi-phase samples—The phase(s) containing the CBs is separated from the
non-CB phase using pressure filtration and centrifugation, as described in
Section 11.6. The CBswill be in the organic phase in a multi-phase samplein
which an organic phase exists.

11.1.5 Procedures for grinding, homogenization, and blending of various sample phases
aregiven in Section 11.7.

11.1.6 Tissue samples—Preparation procedures for fish and other tissues are given in
Section 11.8.

11.2 Determination of percent suspended solids.

Note: Thisaliquot isused for determining the solids content of the sample, not for
determination of CBs.

11.2.1 Aqueous liquids and multi-phase samples consisting of mainly an aqueous
phase.

11.2.1.1 Desiccate and weigh a GF/D filter (Section 6.5.3) to three significant
figures.

11.2.1.2 Filter 10.0 + 0.02 mL of well-mixed sample through the filter.

11.2.1.3 Dry thefilter aminimum of 12 hoursat 110+ 5 °C and cool in a
desiccator.

11.2.1.4 Cadculate percent solids as follows:

weight of sample aliquot after drying (g) - weight of filter (g)
10 g

% solids = x 100

11.2.2 Non-aqueous liquids, solids, semi-solid samples, and multi-phase samplesin
which the main phase is not agueous; but not tissues.

11.2.2.1 Weigh 5to 10 g of sample to three significant figuresin atared
beaker.

11.2.2.2 Dry aminimum of 12 hoursat 110 £ 5 °C, and cool in a desiccator.

11.2.2.3 Cadculate percent solids as follows:
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% solids =

weight of sample aliquot after drying 100

weight of sample aliquot before drying

11.3 Edtimation of particle size.

11.3.1 Spread the dried sample from Section 11.2.2.2 on a piece of filter paper or
aluminum foil in afume hood or glove box.

11.3.2 Edtimate the size of the particlesin the sample. If the size of the largest particles
is greater than 1 mm, the particle size must be reduced to 1 mm or less prior to
extraction using the procedures in Section 11.7.

11.4 Preparation of agueous samples containing one percent suspended solids or less.

11.4.1 Aqueous samples containing one percent suspended solids or less are prepared
using the procedure below and extracted using the one of the extraction
techniques in Section 12.2.

11.4.2 Preparation of sample and QC aliquots.

11421

11.4.2.2

11.4.2.3

11.4.2.4

11.4.2.5

11.4.2.6

Mark the original level of the sample on the sample bottle for
reference. Weigh the sample plus bottleto £1 g.

Spike 1.0 mL of the Labeled Toxics/L OC/window-defining standard
spiking solution (Section 7.12) into the sample bottle. Cap the bottle
and mix the sample by careful shaking. Allow the sampleto
equilibrate for 1 to 2 hours, with occasiona shaking.

For each sample or sample batch (to a maximum of 20 samples) to
be extracted during the same 12-hour shift, place two 1.0-L aliquots
of reagent water in clean sample bottles or flasks.

Spike 1.0 mL of the Labeled Toxics/L OC/window-defining standard
spiking solution (Section 7.12) into both reagent water aliquots.
One of these aliquots will serve as the Method blank.

Spike 1.0 mL of the Native Toxics/LOC standard spiking solution
(Section 7.11) into the remaining reagent water aliquot. This aliquot
will serve asthe OPR (Section 15.5).

For extraction using SPE, add 5 mL of methanol to the sample and
QC diquots. Cap and shake the sample and QC aliquots to mix
thoroughly, and proceed to Section 12.2 for extraction.

11.5 Preparation of samples containing greater than one percent solids.
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11.6

1151

11.5.2

11.5.3

1154

1155

11.5.6

11.5.7

11.5.8

Weigh awell-mixed aliquot of each sample (of the same matrix type) sufficient
to provide 10 g of dry solids (based on the solids determination in Section 11.2)
into a clean beaker or glassjar.

Spike 1.0 mL of the Labeled Toxics/L OC/window-defining standard spiking
solution (Section 7.12) into the sample.

For each sample or sample batch (to a maximum of 20 samples) to be extracted
during the same 12 hour shift, weigh two 10-g aliquots of the appropriate
reference matrix (Section 7.6) into clean beakers or glassjars.

Spike 1.0 mL of the Labeled Toxics/L OC/window-defining standard spiking
solution (Section 7.12) into both reference matrix aliquots. Spike 1.0 mL of the
Native Toxics/LOC standard spiking solution (Section 7.11) into one reference
matrix aliquot. This aliquot will serve as the OPR (Section 15.5). The other
aliquot will serve as the Method blank.

Stir or tumble and equilibrate the aliquots for 1 to 2 hours.

Decant excess water. If necessary to remove water, filter the sample through a
glass-fiber filter and discard the aqueous liquid.

If particles >1 mm are present in the sample (as determined in Section 11.3.2),
spread the sample on clean aluminum foil in ahood. After the sampleisdry,
grind to reduce the particle size (Section 11.7).

Extract the sample and QC aliquots using the SDS procedure in Section 12.3.

Multi-phase samples.

11.6.1

11.6.2

11.6.3

Using the percent solids determined in Section 11.2.1 or 11.2.2, determine the
volume of sample that will provide 10 g of solids, upto 1 L of sample.

Spike 1.0 mL of the Labeled Toxics/L OC/window-defining standard spiking
solution (Section 7.12) into the amount of sample determined in Section 11.6.1,
and into the OPR and blank. Spike 1.0 mL of the Native Toxics/LOC standard
spiking solution (Section 7.11) into the OPR. Pressure filter the sample, blank,
and OPR through Whatman GF/D glass-fiber filter paper (Section 6.5.3). If
necessary to separate the phases and/or settle the solids, centrifuge these aliquots
prior to filtration.

Discard any agueous phase (if present). Remove any non-agqueous liquid present
and reserve the maximum amount filtered from the sample (Section 11.6.1) or 10
g, whichever isless, for combination with the solid phase (Section 12.3.5).

38



Method 1668, Revision A

11.7

11.8

11.6.4 If particles>1 mm are present in the sample (as determined in Section 11.3.2)
and the sample is capable of being dried, spread the sample and QC aliquots on
clean aluminum foil in ahood. Observe the precaution in Section 4.8.

11.6.5 After the aliquots are dry or if the sample cannot be dried, reduce the particle
size using the procedures in Section 11.7 and extract the reduced-size particles
using the SDS procedure in Section 12.3. |If particles>1 mm are not present,
extract the particles and filter in the sample and QC aliquots directly using the
SDS procedure in Section 12.3.

Sample grinding, homogenization, or blending—Samples with particle sizes greater than
1 mm (as determined in Section 11.3.2) are subjected to grinding, homogenization, or
blending. The method of reducing particle size to less than 1 mm is matrix-dependent. In
general, hard particles can be reduced by grinding with a mortar and pestle. Softer
particles can be reduced by grinding in a Wiley mill or mesat grinder, by homogenization,
or in ablender.

11.7.1 Each size-reducing preparation procedure on each matrix must be verified by
running the testsin Section 9.2 before the procedure is employed routinely.

11.7.2 The grinding, homogenization, or blending procedures must be carried out in a
glove box or fume hood to prevent particles from contaminating the work
environment.

11.7.3 Grinding—Certain papers and pulps, slurries, and amorphous solids can be
ground in aWiley mill or heavy duty meat grinder. In some cases, reducing the
temperature of the sample to freezing or to dry ice or liquid nitrogen
temperatures can aid in the grinding process. Grind the sample aliquots from
Sections 11.5.7 or 11.6.5 in aclean grinder. Do not alow the sample tempera-
ture to exceed 50 °C. Grind the blank and reference matrix aliquots using a
clean grinder.

11.7.4 Homogenization or blending—Particles that are not ground effectively, or
particles greater than 1 mm in size after grinding, can often be reduced in size by
high speed homogenization or blending. Homogenize and/or blend the particles
or filter from Sections 11.5.7 or 11.6.5 for the sample, blank, and OPR aiquots.

11.7.5 Extract the aliquots using the SDS procedure in Section 12.3.

Fish and other tissues—Prior to processing tissue samples, the laboratory must determine
the exact tissue to be analyzed. Common requests for analysis of fish tissue include
whole fish-skin on, whole fish-skin removed, edible fish fillets (filleted in the field or by
the laboratory), specific organs, and other portions. Once the appropriate tissue has been
determined, the sample must be homogenized.
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11.8.1 Homogenization

11.8.2

11.8.3

11.8.1.1

11.8.1.2

11.8.1.3

11.8.1.4

11.8.1.5

QC diquots

11.8.2.1

11.8.2.2

Spiking

11.8.3.1

Samples are homogenized while still frozen, where practical. If the
laboratory must dissect the whole fish to obtain the appropriate
tissue for analysis, the unused tissues may be rapidly refrozen and
stored in aclean glass jar for subsequent use.

Each analysis requires 10 g of tissue (wet weight). Therefore, the
laboratory should homogenize at least 20 g of tissue to allow for re-
extraction of a second aliquot of the same homogenized sample, if
re-analysisisrequired. When whole fish analysisis necessary, the
entire fish is homogenized.

Homogeni ze the sample in a tissue homogenizer (Section 6.3.3) or
grind in ameat grinder (Section 6.3.4). Cut tissue too large to feed
into the grinder into smaller pieces. To assure homogeneity, grind
three times.

Transfer approximately 10 g (wet weight) of homogenized tissue to
aclean, tared, 400- to 500-mL beaker.

Transfer the remaining homogenized tissue to a clean jar with a
fluoropolymer-lined lid. Seal the jar and store the tissue at <-10 °C.
Return any tissue that was not homogenized to its original container
and store at <-10 °C.

Prepare a Method blank by adding approximately 1-2 g of the oily
liquid reference matrix (Section 7.6.4) to a400- to 500-mL beaker.

Prepare a precision and recovery aliquot by adding 1-2 g of the oily
liquid reference matrix (Section 7.6.4) to a separate 400- to 500-mL
beaker. Record the weight to the nearest 10 mg. If theinitia
precision and recovery test isto be performed, use four aliquots; if
the ongoing precision and recovery test isto be performed, use a
single aiquot.

Spike 1.0 mL of the Labeled Toxics/L OC/window-defining standard
spiking solution (Section 7.12) into the sample, blank, and OPR
aliquot.
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11.8.3.2 Spike 1.0 mL of the Native Toxics/LOC standard spiking solution

(Section 7.11) into the OPR aliquot.

11.8.4 Extract the aliquots using the procedures in Section 12.4.

12.0 Extraction and concentration

12.1

12.2

Extraction procedures include solid phase (Section 12.2.1), separatory funnel (Section
12.2.2), and continuous liquid/liquid (Section 12.2.3) for agueous liquids, Soxhlet/Dean-
Stark (Section 12.3) for solids and filters, and Soxhlet extraction (Section 12.4) for
tissues. Acid/base back-extraction (Section 12.5) is used for initial cleanup of extracts.

M acro-concentration procedures include rotary evaporation (Section 12.6.1), heating
mantle (Section 12.6.2), and Kuderna-Danish (K-D) evaporation (Section 12.6.3).
Micro-concentration uses nitrogen blowdown (Section 12.7).

Extraction of agueous liquids

12.2.1 SPE of samples containing less than one percent solids.

12211

12.2.1.2

Disk preparation

12.2.1.1.1 Remove the test tube from the suction flask (Figure 4).

Place an SPE disk on the base of the filter holder and
wet with methylene chloride. While holding a GMF 150
filter above the SPE disk with tweezers, wet the filter
with methylene chloride and lay the filter on the SPE
disk, making sure that air is not trapped between the
filter and disk. Clamp the filter and SPE disk between
the 1-L glass reservoir and the vacuum filtration flask.

12.2.1.1.2 Rinsethe sides of the reservoir with approx 15 mL of

methylene chloride using a squeeze bottle or pipet.
Apply vacuum momentarily until afew drops appear at
the drip tip. Release the vacuum and allow the
filter/disk to soak for approx one minute. Apply vacuum
and draw all of the methylene chloride through the
filter/disk. Repeat the wash step with approx 15 mL of
acetone and allow the filter/disk to air dry.

Sample extraction.

12.2.1.2.1 Pre-wet the disk by adding approx 20 mL of methanol to

thereservoir. Pull most of the methanol through the
filter/disk, retaining alayer of methanol approx 2 mm
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thick on the filter. Do not allow the filter/disk to go dry
from this point until the extraction is completed.

12.2.1.2.2 Add approx 20 mL of reagent water to the reservoir and
pull most through, leaving alayer approx 2 mm thick on
the filter/disk.

12.2.1.2.3 Allow the sample (Section 11.4.2.6) to stand for 1-2
hours, if necessary, to settle the suspended particles.
Decant the clear layer of the sample, the blank (Section
11.4.2.4), or IPR/OPR aliquot (Section 11.4.2.5) into its
respective reservoir and turn on the vacuum to begin the
extraction. Adjust the vacuum to complete the
extraction in no less than 10 minutes. For samples
containing a high concentration of particles (suspended
solids), the extraction time may be an hour or longer.

12.2.1.2.4 Before dl of the sample has been pulled through the
filter/disk, add approx 50 mL of reagent water to the
sample bottle, swirl to suspend the solids (if present),
and pour into the reservoir. Pull through the filter/disk.
Use additional reagent water rinses until all solids are
removed.

12.2.1.2.5 Before dl of the sample and rinses have been pulled
through the filter/disk, rinse the sides of the reservoir
with small portions of reagent water.

12.2.1.2.6 Partidly dry the filter/disk under vacuum for approx 3
minutes.

12.2.1.3 Elution of the filter/disk.

12.2.1.3.1 Reease the vacuum, remove the entire
filter/disk/reservoir assembly from the vacuum flask,
and empty the flask. Insert atest tube for eluant
collection into the flask. The test tube should have
sufficient capacity to contain the total volume of the
elution solvent (approx 50 mL) and should fit around the
drip tip. Thedrip tip should protrude into the test tube
to preclude loss of sample from spattering when vacuum
isapplied. Reassemble the filter/disk/reservoir
assembly on the vacuum flask.
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12.2.1.3.2 WEet the filter/disk with 4-5 mL of acetone. Allow the
acetone to spread evenly across the disk and soak for 15-
20 seconds. Pull the acetone through the disk, releasing
the vacuum when approx 1 mm thickness remains on the
filter.

12.2.1.3.3 Rinse the sample bottle with approx 20 mL of methylene
chloride and transfer to the reservoir. Pull approx half
of the solvent through the filter/disk and release the
vacuum. Allow the filter/disk to soak for approx 1
minute. Pull al of the solvent through the disk. Repeat
the bottle rinsing and el ution step with another 20 mL of
methylene chloride. Pull al of the solvent through the
disk.

12.2.1.3.4 Release the vacuum, remove the filter/disk/reservoir
assembly, and remove the test tube containing the
sample solution. Quantitatively transfer the solution to a
250-mL separatory funnel and proceed to Section 12.5
for back-extraction.

12.2.2 Separatory funnel extraction

12221

12.2.2.2

Pour the spiked sample (Section 11.4.2.2) into a 2-L separatory
funnel. Rinse the bottle or flask twice with 5 mL of reagent water
and add these rinses to the separatory funnel.

Add 60 mL methylene chloride to the empty sample bottle. Seal the
bottle and shake 60 seconds to rinse the inner surface. Transfer the
solvent to the separatory funnel, and extract the sample by shaking
the funnel for 2 minutes with periodic venting. Allow the organic
layer to separate from the agueous phase for a minimum of 10
minutes. If an emulsion forms and is more than one-third the
volume of the solvent layer, employ mechanical techniques to

compl ete the phase separation (see note below). Drain the
methylene chloride extract through a solvent-rinsed glass funnel
approximately one-half full of granular anhydrous sodium sulfate
(Section 7.2.1) supported on clean glass-fiber paper into a solvent-
rinsed concentration device (Section 12.6).
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Note: If an emulsion forms, the laboratory must employ mechanical techniques to complete the
phase separation. The optimum technique depends upon the sample, but may include stirring,
filtration through glass wool, use of phase separation paper, centrifugation, use of an ultrasonic
bath with ice, addition of NaCl, or other physical methods. Alternatively, solid-phase (Section
12.2.1), CLLE (Section 12.2.3), or other extraction techniques may be used to prevent emulsion
formation. Any alternative technique is acceptable so long as the requirements in Section 9.2

are met.

12.2.2.3

12.2.2.4

Extract the water sample two more times with 60-mL portions of
methylene chloride. Drain each portion through the sodium sulfate
into the concentrator. After the third extraction, rinse the separatory
funnel with at least 20 mL of methylene chloride, and drain this
rinse through the sodium sulfate into the concentrator. Repeat this
rinse at least twice. Set aside the funnel with sodium sulfate if the
extract is to be combined with the extract from the particles.

Concentrate the extract using one of the macro-concentration
procedures in Section 12.6 and proceed to back extraction in Section
12.5.

12.2.3 Continuous liquid/liquid extraction

12.2.3.1

12.2.3.2

12.2.3.3

12.2.3.4

Place 100-150 mL methylene chloride in each continuous extractor
and 200-300 mL in each distilling flask.

Pour the sample(s), blank, and QC aliquots into the extractors.
Rinse the sample containers with 50-100 mL methylene chloride and
add to the respective extractors. Include all solidsin the extraction
process.

Begin the extraction by heating the flask until the methylene
chloride is boiling. When properly adjusted, 1-2 drops of methylene
chloride per second will fall from the condenser tip into the water.
Extract for 16-24 hours.

Remove the ditilling flask, estimate and record the volume of
extract (to the nearest 100 mL ), and pour the contents through a
drying column containing 7 to 10 cm of granular anhydrous sodium
sulfate into a 500-mL K-D evaporator flask equipped with a 10-mL
concentrator tube. Rinse the distilling flask with 30-50 mL of
methylene chloride and pour through the drying column.
Concentrate and exchange to hexane per Section 12.6 and back
extract per Section 12.5.
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12.3 SDS extraction of samples containing particles.

12.3.1

Charge a clean extraction thimble (Section 6.4.2.2) with 5.0 g of 100/200 mesh
silica (Section 7.5.1.1) topped with 100 g of quartz sand (Section 7.3.2).

Note: Do not disturb the silica layer throughout the extraction process.

12.3.2

12.3.3

12.3.4

12.3.5

12.3.6

12.3.7

12.3.8

12.3.9

Place the thimble in a clean extractor. Place 30 to 40 mL of toluenein the
receiver and 200 to 250 mL of toluene in the flask.

Pre-extract the glassware by heating the flask until the toluene is boiling. When
properly adjusted, 1 to 2 drops of toluene will fall per second from the condenser
tip into the receiver. Extract the apparatus for a minimum of 3 hours,

After pre-extraction, cool and disassemble the apparatus. Rinse the thimble with
toluene and allow to air dry.

Load the wet sample and/or filter from Sections 11.5.8, 11.6.5, or 11.7.5 and any
nonagueous liquid from Section 11.6.3 into the thimble and manually mix into
the sand layer with a clean metal spatula, carefully breaking up any large lumps
of sample.

Reassembl e the pre-extracted SDS apparatus, and add a fresh charge of toluene
to the receiver and reflux flask. Apply power to the heating mantle to begin re-
fluxing. Adjust the reflux rate to match the rate of percolation through the sand
and silica beds until water removal lessens the restriction to toluene flow.
Frequently check the apparatus for foaming during the first 2 hours of extraction.
If foaming occurs, reduce the reflux rate until foaming subsides.

Drain the water from the recelver at 1-2 hours and 8-9 hours, or sooner if the
receiver fillswith water. Reflux the sample for atotal of 16-24 hours. Cool and
disassemble the apparatus. Record the total volume of water collected.

Remove the digtilling flask. Drain the water from the Dean-Stark receiver and
add any toluene in the receiver to the extract in the flask.

Concentrate the extracts from particles to approximately 10 mL using the rotary
evaporator (Section 12.6.1) or heating mantle (Section 12.6.2), transfer to a 250-
mL separatory funnel, and proceed with back-extraction (Section 12.5).

12.4 Soxhlet extraction of tissue

1241

Add 30 to 40 g of powdered anhydrous sodium sulfate (Section 7.2.2) to each of
the beakers (Section 11.8.4) and mix thoroughly. Cover the beakers with
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12.4.2

12.4.3

12.4.4

12.4.5

12.4.6

12.4.7

12.4.8

12.4.9

aluminum foil and alow to equilibrate for 12-24 hours. Remix prior to
extraction to prevent clumping.

Assemble and pre-extract the Soxhlet apparatus per Sections 12.3.1-12.3.4,
except use the methylene chloride:hexane (1:1) mixture for the pre-extraction
and rinsing and omit the quartz sand.

Reassemble the pre-extracted Soxhlet apparatus and add a fresh charge of
methylene chloride:hexane to the reflux flask.

Transfer the sample/sodium sulfate mixture (Section 12.4.1) to the Soxhlet
thimble, and install the thimble in the Soxhlet apparatus.

Rinse the beaker with severa portions of solvent mixture and add to the thimble.
Fill the thimble/receiver with solvent. Extract for 18-24 hours.

After extraction, cool and disassemble the apparatus.

Quantitatively transfer the extract to a macro-concentration device (Section
12.6), and concentrate to near dryness. Set aside the concentration apparatus for
re-use.

Complete the removal of the solvent using the nitrogen blowdown procedure
(Section 12.7) and awater bath temperature of 60 °C. Weigh the receiver,
record the weight, and return the receiver to the blowdown apparatus,
concentrating the residue until a constant weight is obtained.

Percent lipid determination—The lipid content is determined by extraction of
tissue with the same solvent system (methylene chloride:hexane) that was used
in EPA's National Dioxin Study (Reference 16) so that lipid contents are
consistent with that study.

12.4.9.1 Redissolvethe residue in the receiver in hexane and spike 1.0 mL of
the Labeled cleanup standard spiking solution (Section 7.13) into the
solution.

12.4.9.2 Transfer the residue/hexane to the anthropogenic isolation column
(Section 13.6), retaining the boiling chips in the concentration
apparatus. Use several rinsesto assure that all material is
transferred. |f necessary, sonicate or heat the receiver dightly to
assure that all materia isre-dissolved. Allow the receiver to dry.
Weigh the receiver and boiling chips.

12.4.9.3 Cadculatethe lipid content to the nearest three significant figures as
follows:
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12.5

12.6

Weight of residue (g)
Weight of tissue (g)

x 100

Percent lipid =

12.4.9.4 Thelaboratory should determine the lipid content of the blank, IPR,
and OPR to assure that the extraction system is working effectively.

Back-extraction with base and acid.

12.5.1 Back-extraction may not be necessary for some samples. For some samples, the
presence of color in the extract may indicate that back-extraction is necessary. If
back-extraction is not performed, spike 1.0 mL of the Labeled cleanup standard
spiking solution (Section 7.13) into the extract and concentrate the extract for
cleanup or analysis (Section 12.7). If back-extraction is necessary, spike 1.0 mL
of the Labeled cleanup standard spiking solution (Section 7.13) into the
separatory funnels containing the sample and QC extracts from Section 12.2.3.4
or 12.3.9.

12.5.2 Partition the extract against 50 mL of potassium hydroxide solution (Section
7.1.1). Shake for 2 minutes with periodic venting into a hood. Remove and
discard the aqueous layer. Repeat the base washing until no color isvisiblein
the agueous layer, to a maximum of four washings. Minimize contact time
between the extract and the base to prevent degradation of the CBs. Stronger
potassium hydroxide solutions may be employed for back-extraction, provided
that the laboratory meets the specifications for labeled compound recovery and
demonstrates acceptable performance using the procedure in Section 9.2.

12.5.3 Partition the extract against 50 mL of sodium chloride solution (Section 7.1.4) in
the same way as with base. Discard the agueous layer.

12.5.4 Partition the extract against 50 mL of sulfuric acid (Section 7.1.2) in the same
way aswith base. Repeat the acid washing until no color isvisiblein the
agueous layer, to a maximum of four washings.

12.5.5 Repeat the partitioning against sodium chloride solution and discard the agueous
layer.

12.5.6 Pour each extract through a drying column containing 7 to 10 cm of granular
anhydrous sodium sulfate (Section 7.2.1). Rinse the separatory funnel with 30 to
50 mL of solvent, and pour through the drying column. Collect each extract in a
round-bottom flask. Re-concentrate the sample and QC aliquots per Sections
12.6-12.7, and clean up the samples and QC aiquots per Section 13.

M acro-concentration—Extracts in toluene are concentrated using a rotary evaporator or a
heating mantle; extracts in methylene chloride or hexane are concentrated using a rotary
evaporator, heating mantle, or Kuderna-Danish apparatus.
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Note: Inthe concentration procedures below, the extract must not be allowed to concentrate to
dryness because the mono- through tri-chlorobiphenyls may be totally or partially lost.

12.6.1 Rotary evaporation—Concentrate the extracts in separate round-bottom flasks.

126.1.1

12.6.1.2

12.6.1.3

Assemble the rotary evaporator according to manufacturer's
instructions, and warm the water bath to 45 °C. On adaily basis,
pre-clean the rotary evaporator by concentrating 100 mL of clean
extraction solvent through the system. Archive both the
concentrated solvent and the solvent in the catch flask for a
contamination check if necessary. Between samples, three 2- to 3-
mL aliquots of solvent should be rinsed down the feed tubeinto a
waste beaker.

Attach the round-bottom flask containing the sample extract to the
rotary evaporator. Slowly apply vacuum to the system, and begin
rotating the sample flask.

Lower the flask into the water bath, and adjust the speed of rotation
and the temperature as required to complete concentration in 15 to
20 minutes. At the proper rate of concentration, the flow of solvent
into the receiving flask will be steady, but no bumping or visible
boiling of the extract will occur.

Note: If the rate of concentration istoo fast, analyte loss may occur.

12.6.1.4

12.6.1.5

When the liquid in the concentration flask has reached an apparent
volume of approximately 2 mL, remove the flask from the water
bath and stop the rotation. Slowly and carefully admit air into the
system. Be sure not to open the valve so quickly that the sampleis
blown out of the flask. Rinse the feed tube with approximately 2 mL
of solvent.

Proceed to Section 12.6.4 for preparation for back-extraction or
micro-concentration and solvent exchange.

12.6.2 Heating mantle—Concentrate the extracts in separate round-bottom flasks.

12.6.2.1

Add one or two clean boiling chips to the round-bottom flask, and
attach a three-ball macro Snyder column. Prewet the column by
adding approximately 1 mL of solvent through the top. Place the
round-bottom flask in a heating mantle, and apply heat as required to
complete the concentration in 15 to 20 minutes. At the proper rate
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of distillation, the balls of the column will actively chatter, but the
chambers will not flood.

12.6.2.2 When the liquid has reached an apparent volume of approximately
10 mL, remove the round-bottom flask from the heating mantle and
allow the solvent to drain and cool for at least 10 minutes. Remove
the Snyder column and rinse the glass joint into the receiver with
small portions of solvent.

12.6.2.3 Proceed to Section 12.6.4 for preparation for back-extraction or
micro-concentration and solvent exchange.

12.6.3 Kuderna-Danish (K-D)—Concentrate the extracts in separate 500-mL K-D flasks
equipped with 10-mL concentrator tubes. The K-D technique is used for
solvents such as methylene chloride and hexane. Tolueneis difficult to
concentrate using the K-D technique unless awater bath fed by a steam
generator is used.

12.6.3.1 Add 1to 2 clean bailing chipsto the receiver. Attach athree-ball
macro Snyder column. Prewet the column by adding approximately
1 mL of solvent through the top. Place the K-D apparatusin a hot
water bath so that the entire lower rounded surface of the flask is
bathed with steam.

12.6.3.2 Adjust the vertical position of the apparatus and the water
temperature as required to complete the concentration in 15 to 20
minutes. At the proper rate of distillation, the balls of the column
will actively chatter but the chambers will not flood.

12.6.3.3 When the liquid has reached an apparent volume of 1 mL, remove
the K-D apparatus from the bath and allow the solvent to drain and
cool for at least 10 minutes. Remove the Snyder column and rinse
the flask and its lower joint into the concentrator tube with 1 to 2 mL
of solvent. A 5-mL syringe is recommended for this operation.

12.6.3.4 Remove the three-ball Snyder column, add a fresh boiling chip, and
attach atwo ball micro Snyder column to the concentrator tube.
Prewet the column by adding approximately 0.5 mL of solvent
through the top. Place the apparatus in the hot water bath.

12.6.3.5 Adjust the vertica position and the water temperature as required to
complete the concentration in 5 to 10 minutes. At the proper rate of
digtillation, the balls of the column will actively chatter but the
chambers will not flood.
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12.6.3.6 When the liquid reaches an apparent volume of 0.5 mL, remove the
apparatus from the water bath and allow to drain and cool for at least
10 minutes.

12.6.3.7 Proceed to 12.6.4 for preparation for back-extraction or micro-
concentration and solvent exchange.

12.6.4 Preparation for back-extraction or micro-concentration and solvent exchange.

12.6.4.1 For back-extraction (Section 12.5), transfer the extract to a 250-mL
separatory funnel. Rinse the concentration vessel with small
portions of hexane, adjust the hexane volume in the separatory
funnel to 10 to 20 mL, and proceed to back-extraction (Section
12.5).

12.6.4.2 For determination of the weight of residue in the extract, or for
clean-up procedures other than back-extraction, transfer the extract
to a blowdown vial using 2-3 rinses of solvent. Proceed with micro-
concentration and solvent exchange (Section 12.7).

12.7 Micro-concentration and solvent exchange.

12.7.1 Extractsto be subjected to GPC cleanup are exchanged into methylene chloride.
Extracts to be cleaned up using silicagel, carbon, Florisil, and/or HPLC are
exchanged into hexane.

12.7.2 Transfer the vial containing the sample extract to a nitrogen blowdown device.
Adjust the flow of nitrogen so that the surface of the solvent isjust visibly
disturbed.

Note: A large vortex in the solvent may cause analyte loss.

12.7.3 Lower thevial into a45 °C water bath and continue concentrating.

12.7.3.1 If the extract or an aiquot of the extract isto be concentrated to
dryness for weight determination (Sections 12.4.8 and 13.6.4), blow
dry until a constant weight is obtained.

12.7.3.2 If theextract is to be concentrated for injection into the GC/MS or
the solvent is to be exchanged for extract cleanup, proceed as
follows:

12.7.4 When the volume of the liquid is approximately 100 »L, add 2 to 3 mL of the
desired solvent (methylene chloride for GPC and HPLC, or hexane for the other
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cleanups) and continue concentration to approximately 100 L. Repeat the
addition of solvent and concentrate once more.

12.7.5 If the extract is to be cleaned up by GPC, adjust the volume of the extract to 5.0
mL with methylene chloride. If the extract isto be cleaned up by HPLC,
concentrate the extract to 1.0 mL. Proceed with GPC or HPLC cleanup (Section
13.2 or 13.5, respectively).

12.7.6 If the extract isto be cleaned up by column chromatography (silicagel,
Carbopak/Célite, or Florisil), bring the final volume to 1.0 mL with hexane.
Proceed with column cleanup (Sections 13.3, 13.4, or 13.7).

12.7.7 If the extract is to be concentrated for injection into the GC/MS (Section 14),
quantitatively transfer the extract to a 0.3-mL conical via for final concentration,
rinsing the larger vial with hexane and adding the rinse to the conical vial.
Reduce the volume to approximately 100 »L. Add 20 nL of nonane to the vial,
and evaporate the solvent to the level of the nonane. Sedl the vial and label with
the sample number. Storein the dark at room temperature until ready for
GC/MS analysis. If GC/MS analysis will not be performed on the same day,
store thevial at <-10 °C.

13.0 Extract cleanup

13.1

Cleanup may not be necessary for relatively clean samples (e.g., treated effluents,
groundwater, drinking water). If particular circumstances require the use of a cleanup
procedure, the laboratory may use any or al of the procedures below or any other
appropriate procedure. Before using a cleanup procedure, the laboratory must
demonstrate that the requirements of Section 9.2 can be met using the cleanup procedure.

13.1.1 Gel permeation chromatography (Section 13.2) removes high molecular weight
interferences that cause GC column performance to degrade. It should be used
for al soil and sediment extracts. 1t may be used for water extracts that are
expected to contain high molecular weight organic compounds (e.g., polymeric
materials, humic acids). It should also be used for tissue extracts after initial
cleanup on the anthropogenic isolation column (Section 13.6).

13.1.2 Acid, neutral, and basic silicagel (Section 13.3) and Florisil (Section 13.7) are
used to remove non-polar and polar interferences.

13.1.3 Carbopak/Celite (Section 13.4) can be used to separate CBs 77, 126, and 169
from the mono- and di- ortho-substituted CBs, if desired.

13.1.4 HPLC (Section 13.5) is used to provide specificity for certain congeners and
congener groups.
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13.1.5 The anthropogenic isolation column (Section 13.6) is used for removal of lipids
from tissue samples.

13.2  Ge permeation chromatography (GPC)

13.2.1 Column packing

13.21.1

13.2.1.2

13.2.1.3

13.2.1.4

Place 70 to 75 g of SX-3 Bio-beads (Section 6.7.1.1) in a 400- to
500-mL beaker.

Cover the beads with methylene chloride and allow to swell
overnight (a minimum of 12 hours).

Transfer the swelled beads to the column (Section 6.7.1.1) and pump
solvent through the column, from bottom to top, at 4.5t0 5.5
mL/minute prior to connecting the column to the detector.

After purging the column with solvent for 1 to 2 hours, adjust the
column head pressure to 7 to 10 psig and purge for 4 to 5 hours to
remove air. Maintain a head pressure of 7 to 10 psig. Connect the
column to the detector (Section 6.7.1.4).

13.2.2 Column calibration

13.2.2.1

13.2.2.2

13.2.2.3

13.2.2.4

13.2.2.5

Load 5 mL of the GPC calibration solution (Section 7.4) into the
sample loop.

Inject the GPC calibration solution and record the signal from the
detector. The elution pattern will be corn oil, BEHP, methoxychlor,
perylene, and sulfur.

Set the "dump time" to allow >85% removal of BEHP and >85%
collection of methoxychlor.

Set the "collect time" to the time of the sulfur peak maximum.

Verify calibration with the GPC calibration solution after every 20
extracts. Calibration is verified if the recovery of the methoxychlor
is greater than 85%. If calibration is not verified, the system must be
recalibrated using the GPC calibration solution, and the previous
sample batch must be re-extracted and cleaned up using the
calibrated GPC system.

13.2.3 Extract cleanup—GPC requires that the column not be overloaded. The column
specified in this Method is designed to handle a maximum of 0.5 g of materia
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from an agueous, soil, or mixed-phase sample in a 5-mL extract, and has been
shown to handle 1.5 g of lipid from atissue samplein a5-mL extract. If the
extract is known or expected to contain more than these amounts, the extract is
split into aliquots for GPC, and the aliquots are combined after e ution from the
column. The residue content of the extract may be obtained gravimetrically by
evaporating the solvent from a 50-.L aliquot.

13.2.3.1 Filter the extract or load through the filter holder (Section 6.7.1.3) to
remove particles. Load the 5.0-mL extract onto the column.

13.2.3.2 Elute the extract using the calibration data determined in Section
13.2.2. Collect the eluate in a clean 400- to 500-mL beaker. Allow
the system to rinse for additional 10 minutes before injecting the
next sample.

13.2.3.3 Rinsethe sample loading tube thoroughly with methylene chloride
between extracts to prepare for the next sample.

13.2.3.4 If an extract is encountered that could overload the GPC column to
the extent that carry-over could occur, a 5.0-mL methylene chloride
blank must be run through the system to check for carry-over.

13.2.3.5 Concentrate the eluate per Sections 12.6 and 12.7 for further cleanup
or injection into the GC/MS.

13.3 Silicagel cleanup.

13.3.1

13.3.2

13.3.3

13.3.4

Place a glass-wool plug in a 15-mm ID chromatography column (Section
6.7.4.2). Pack the column bottom to top with: 1 g silicagel (Section 7.5.1.1), 4 g
basic silicagel (Section 7.5.1.3), 1 g silicagel, 8 g acid silicagel (Section
7.5.1.2), 2 g silicagel, and 4 g granular anhydrous sodium sulfate (Section
7.2.1). Tap the column to settle the adsorbents.

Pre-elute the column with 50 to 100 mL of hexane. Close the stopcock when the
hexane iswithin 1 mm of the sodium sulfate. Discard the eluate. Check the
column for channeling. If channeling is present, discard the column and prepare
another.

Apply the concentrated extract to the column. Open the stopcock until the extract
iswithin 1 mm of the sodium sulfate.

Rinse the receiver twice with 1-mL portions of hexane, and apply separately to
the column. Elute the CBswith 25 mL of hexane and collect the eluate.
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13.3.5 Concentrate the eluate per Section 12.6 and 12.7 for further cleanup or injection
into the HPLC or GC/MS.

13.3.6 For extracts of samples known to contain large quantities of other organic
compounds, it may be advisable to increase the capacity of the silicagel column.
This may be accomplished by increasing the strengths of the acid and basic silica
gels. Theacid silicagel (Section 7.5.1.2) may be increased in strength to as
much as 40% w/w (6.7 g sulfuric acid added to 10 g silicagel). The basic silica
gdl (Section 7.5.1.3) may be increased in strength to as much as 33% w/w (50
mL 1IN NaOH added to 100 g silica gdl), or the potassium silicate (Section
7.5.1.4) may be used.

Note: The use of stronger acid silica gel (44% w/w) may lead to charring of organic
compounds in some extracts. The charred material may retain some of the analytes and lead to
lower recoveries of the CBs. Increasing the strengths of the acid and basic silica gel may also
require different volumes of hexane than those specified above to elute the analytes from the
column. The performance of the Method after such modifications must be verified by the
procedure in Section 9.2.

13.4  Carbon column (Reference 17)

13.4.1 Cut both ends from a 50-mL disposable serological pipet (Section 6.7.3.2) to
produce a 20-cm column. Fire-polish both ends and flare both ends if desired.
Insert a glass-wool plug at one end, and pack the column with 3.6 g of
Carbopak/Celite (Section 7.5.2.3) to form an adsorbent bed 20 cm long. Insert a
glass-wool plug on top of the bed to hold the adsorbent in place.

13.4.2 Pre-elute the column with 20 mL each in succession of toluene, methylene
chloride, and hexane.

13.4.3 When the solvent iswithin 1 mm of the column packing, apply the n-hexane
sample extract to the column. Rinse the sample container twice with 1-mL
portions of hexane and apply separately to the column. Apply 2 mL of hexane to
complete the transfer.

13.4.4 Elute the column with 25 mL of n-hexane and collect the eluate. Thisfraction
will contain the mono- and di-ortho CBs. If carbon particles are present in the
eluate, filter through glass-fiber filter paper.

13.4.5 Elute the column with 15 mL of methanol and discard the eluate. The fraction
discarded will contain residual lipids and other potential interferents, if present.

13.4.6 Elute the column with 15 mL of toluene and collect the luate. This fraction will
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contain CBs 77, 126, and 169. If carbon particles are present in the eluate, filter
through glass-fiber filter paper.

13.4.7 Concentrate the fractions per Section 12.6 and 12.7 for further cleanup or
injection into the HPLC or GC/MS.

13.5 HPLC (References 4 and 18).

13.5.1 Column calibration.

13.5.2

13511

13.5.1.2

13.5.1.3

13.5.1.4

Prepare a calibration standard containing the Toxics and other
congeners of interest at the concentrations of the stock solution in
Table 3, or at a concentration appropriate to the response of the
detector.

Inject the calibration standard into the HPL C and record the signal
from the detector. Collect the eluant for reuse. Elution will be in
the order of the di-ortho, mono-ortho, and non-ortho congeners.

Establish the collection time for the congeners of interest.
Following calibration, flush the injection system with solvent to
ensure that residua CBs are removed from the system.

Verify the calibration with the calibration solution after every 20
extracts. Calibration is verified if the recovery of the CBsis 75 to
125% compared to the calibration (Section 13.5.1.1). If calibration |
s not verified, the system must be recalibrated using the calibration
solution, and the previous 20 samples must be re-extracted and
cleaned up using the calibrated system.

Extract cleanup—HPL C requires that the column not be overloaded. The
column specified in this Method is designed to handle a maximum of 5-50 g of
agiven CB, depending on the congener (Reference 18). If the amount of
material in the extract will overload the column, split the extract into fractions
and combine the fractions after elution from the column.

135.2.1

13.5.2.2

13.5.2.3

Rinse the sides of the vid containing the sample and adjust to the
volume required for the sample loop for injection.

Inject the sample extract into the HPLC.

Elute the extract using the calibration data determined in Section
13.5.1. Collect the fraction(s) in clean 20-mL concentrator tubes.
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13.5.2.4 If an extract containing greater than 500 n.g of total CBsis encoun-
tered, a blank must be run through the system to check for carry-over.

13.5.2.5 Concentrate the eluate per Section 12.7 for injection into the
GCIMS.

13.6  Anthropogenic isolation column (Reference 3)—Used for removal of lipids from tissue

13.7

extracts.
13.6.1 Prepare the column as given in Section 7.5.3.

13.6.2 Pre-elute the column with 100 mL of hexane. Drain the hexane layer to the top
of the column, but do not expose the sodium sulfate.

13.6.3 Load the sample and rinses (Section 12.4.9.2) onto the column by draining each
portion to the top of the bed. Elute the CBs from the column into the apparatus
used for concentration (Section 12.4.7) using 200 mL of hexane.

13.6.4 Remove asmall portion (e.g, 50 L) of the extract for determination of residue
content. Estimate the percent of the total that this portion represents.
Concentrate the small portion to constant weight per Section 12.7.3.1. Calculate
the total amount of residue in the extract. 1f more than 500 mg of material
remains, repeat the cleanup using a fresh anthropogenic isolation column.

13.6.5 If necessary, exchange the extract to a solvent suitable for the additional
cleanups to be used (Section 13.2-13.5 and 13.7).

13.6.6 Clean up the extract using the procedures in Sections 13.2-13.5 and 13.7. GPC
(Section 13.2) and Florisil (Section 13.7) are recommended as minimum
additional cleanup steps.

13.6.7 Following cleanup, concentrate the extract to 20 L as described in Section 12.7
and proceed with the analysisin Section 14.

Florisil cleanup (Reference 19).

13.7.1 Begin to drain the n-hexane from the column (Section 7.5.4.1.2). Adjust the
flow rate of eluant to 4.5-5.0 mL/min.

13.7.2 When the n-hexane iswithin 1 mm of the sodium sulfate, apply the sample
extract (in hexane) to the column. Rinse the sample container twice with 1-mL
portions of hexane and apply to the column.
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13.7.3 Elute the mono-ortho and di-ortho CBs with approx 165 mL of n-hexane and
collect the eluate. Elute the non-ortho co-planar CBs with approx 100 mL of 6%
ether:hexane and collect the eluate. The exact volumes of solvents will need to
be determined for each batch of Florisil. If the mono/di-ortho CBs are not to be
separated from the non-ortho co-planar CBs, elute all CBs with 6% ether:hexane.

13.7.4 Concentrate the eluate(s) per Sections 12.6-12.7 for further cleanup or for
injection into the HPLC or GC/MS.

14.0 HRGC/HRMS analysis

14.1

14.2

14.3

Establish the operating conditions given in Section 10.1.

Add 2 L of the Labeled injection internal standard spiking solution (Section 7.14) to the
20 uL sample extract immediately prior to injection to minimize the possibility of loss by
evaporation, adsorption, or reaction. If an extract isto be reanalyzed and evaporation has
occurred, do not add more Labeled injection internal standard spiking solution. Rather,
bring the extract back to its previous volume (e.g., 19 nL) with pure nonane (18 nL if 2
uL injections are used).

Inject 1.0 or 2.0 L of the concentrated extract containing the Labeled injection interna
standards using on-column or splitlessinjection. The volume injected must be identical
to the volume used for calibration (Section 10.3).

14.3.1 Start the GC column initial isothermal hold upon injection. Start MS data
collection after the solvent peak elutes.

14.3.2 Monitor the exact m/z's at each LOC throughout the LOC retention time
window. Where warranted, monitor m/z's associated with congeners at higher
levels of chlorination to assure that fragments are not interfering with the m/z's
for congeners at lower levels of chlorination. Also where warranted, monitor
m/z's associated with interferents expected to be present.

14.3.3 Stop data collection after **C,,-DeCB has eluted. Return the column to the
initial temperature for analysis of the next extract or standard.

15.0 System and laboratory performance

15.1

At the beginning of each 12-hour shift during which analyses are performed, GC/MS
system performance and calibration are verified for al native CBs and labeled
compounds. For these tests, analysis of the CS-3 calibration verification (VER) standard
(Section 7.10.1 and Table 5) and the Diluted combined 209 congener solution (Section
7.10.2.2 and Table 5) must be used to verify al performance criteria. Adjustment and/or
recalibration (Section 10) must be performed until all performance criteriaare met. Only
after all performance criteria are met may samples, blanks, IPRs, and OPRs be analyzed.
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15.2

15.3

154

MS resolution—Static resolving power checks must be performed at the beginning and at
the end of each shift per Sections 10.2.1. If analyses are performed on successive shifts,
only the beginning of shift static resolving power check isrequired. If the requirement in
Section 10.2.1 cannot be met, the problem must be corrected before analyses can
proceed. If any of the samplesin the previous shift may be affected by poor resolution,
those samples must be re-analyzed.

Calibration verification
15.3.1 Inject the VER (CS-3) standard using the procedure in Section 14.

15.3.2 The m/z abundance ratios for all CBs must be within the limitsin Table 8;
otherwise, the mass spectrometer must be adjusted until the m/z abundance ratios
fall within the limits specified when the verification test is be repeated. If the
adjustment alters the resolution of the mass spectrometer, resolution must be
verified (Section 10.2.1) prior to repeat of the verification test.

15.3.3 The GC peak representing each native CB and labeled compound in the VER
standard must be present with a S/N of at least 10; otherwise, the mass
spectrometer must be adjusted and the verification test repeated.

15.3.4 Compute the concentration of the ToxicsLOC CBs by isotope dilution (Section
17.1). These concentrations are computed based on the calibration datain
Section 10.

15.3.5 For each compound, compare the concentration with the calibration verification
limitin Table 6. If all compounds meet the acceptance criteria, calibration has
been verified and analysis of standards and sample extracts may proceed. If,
however, any compound fails its respective limit, the measurement system is not
performing properly. In thisevent, prepare afresh calibration standard or
correct the problem and repeat the resolution (Section 15.2) and verification
(Section 15.3) tests, or recalibrate (Section 10). If recalibration is required,
recalibration for the 209 congeners (Section 10.5) must also be performed.

Retention times and GC resolution
15.4.1 Retention times.

15.4.1.1 Absolute—The absolute retention times of the Labeled Toxics/LOC/
window defining standard congeners (Section 7.12) in the
verification test (Section 15.3) must be within £15 seconds of the
respective retention timesin the calibration or, if an dternate
column or column system is employed, within £15 seconds of the
respective retention times in the calibration for the aternate column
or column system (Section 6.9.1.2).
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15.4.1.2 Reative—The rdative retention times of native CBs and labeled
compounds in the verification test (Section 15.3) must be within
their respective RRT limitsin Table 2 or, if an alternate column or
column system is employed, within their respective RRT limits for
the alternate column or column system (Section 6.9.1.2).

15.4.1.3 If the absolute or relative retention time of any compound is not
within the limits specified, the GC is not performing properly. In
this event, adjust the GC and repeat the verification test (Section
15.3) or recalibrate (Section 10), or replace the GC column and
either verify calibration or recalibrate.

15.4.2 GC resolution and minimum analysis time

15.4.2.1 Asafina stepin calibration verification, inject the Diluted
combined 209 congener solution (Section 7.10.2.2 and Table 5).

15.4.2.2 Theresolution and minimum analysis time specifications in Sections
6.9.1.1.2 and 6.9.1.1.1, respectively, must be met for the SPB-octyl
column or, if an aternate column or column system is employed,
must be met as specified for the aternate column or column system
(Section 6.9.1.2). If these specifications are not met, the GC
analysis conditions must be adjusted until the specifications are met,
or the column must be replaced and the calibration verification tests
repeated Sections 15.4.1 through 15.4.2.2), or the system must be
recalibrated (Section 10).

15.4.2.3 After the resolution and minimum analysis time specifications are
met, update the retention times, relative retention times, and
response factors for the all congeners except the Toxics and LOC
CBs. For the Toxics and LOC CBs, the multi-point calibration data
must be used (see Section 10.4 and 15.3).

15.5 Ongoing precision and recovery.

15.5.1 Analyze the extract of the ongoing precision and recovery (OPR) aliquot
(Section 11.4.2.5,11.5.4, 11.6.2, or 11.8.3.2) prior to analysis of samples from
the same batch.

15.5.2 Compute the percent recovery of the Toxics/LOC CBs by isotope dilution
(Section 10.4). Compute the percent recovery of each labeled compound by the
internal standard method (Section 10.5).

15.5.3 For the Toxics/LOC CBs and labeled compounds, compare the recovery to the
OPR limitsgiven in Table 6. If all compounds meet the acceptance criteria,
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16.0

15.6

system performance is acceptable and analysis of blanks and samples may
proceed. If, however, any individual concentration falls outside of the range
given, the extraction/concentration processes are not being performed properly
for that compound. In this event, correct the problem, re-prepare, extract, and
clean up the sample batch and repeat the ongoing precision and recovery test
(Section 15.5).

15.5.4 If desired, add results that pass the specifications in Section 15.5.3 to initial and
previous ongoing data for each compound in each matrix. Update QC chartsto
form a graphic representation of continued laboratory performance. Develop a
statement of laboratory accuracy for each congener in each matrix type by
calculating the average percent recovery (R) and the standard deviation of
percent recovery (Sg). Expressthe accuracy as arecovery interval from R - 255
to R + 2S;. For example, if R = 95% and S; = 5%, the accuracy is 85 to 105%.

Blank—Analyze the Method blank extracted with each sample batch immediately
following analysis of the OPR aliquot to demonstrate freedom from contamination and
freedom from carryover from the OPR analysis. The results of the analysis of the blank
must meet the specifications in Section 9.5.2 before sample analyses may proceed.

Qualitative determination

A CB or labeled compound is identified in a standard, blank, or sample when all of the criteriain
Sections 16.1 through 16.4 are met.

16.1

16.2

16.3

16.4

The signals for the two exact m/z'sin Table 7 must be present and must maximize within
the same two scans.

The signal-to-noise ratio (S/N) for the GC pesk at each exact m/z must be greater than or
equal to 2.5 for each CB detected in a sample extract, and greater than or equal to 10 for
all CBsin the calibration and verification standards (Sections 10.3.3 and 15.3.3).

The ratio of the integrated areas of the two exact m/z's specified in Table 7 must be
within the limit in Table 8, or within 15 percent of the ratio in the midpoint (CS-3)
calibration or calibration verification (VER), whichever is most recent.

The relative retention time of the peak for a CB must be within the RRT QC limits
specified in Table 2 or, if an alternate column or column system is employed, within its
respective RRT QC limits for the aternate column or column system (Section 6.9.1.2).
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Note: For native CBs determined by internal standard quantitation, a given CB congener may
fall within more than RT window and be mis-identified unless the RRT windows are made very
narrow, asin Table 2. Therefore, consistency of the RT and RRT with other congeners and the
labeled compounds may be required for rigorous congener identification. Retention time
regression analysis may aid in this identification.

16.5 Because of congener overlap and the potential for interfering substances, it is possible
that all of the identification criteria (Sections 16.1-16.4) may not be met. Itisaso
possible that loss of one or more chlorines from a highly chlorinated congener may
inflate or produce a false concentration for aless-chlorinated congener that elutes at the
same retention time. If identification is ambiguous, an experienced spectrometrist
(Section 1.4) must determine the presence or absence of the congener.

16.6 If thecriteriafor identification in Sections 16.1-16.5 are not met, the CB has not been
identified and the result for that congener may not be reported or used for permitting or
regulatory compliance purposes. If interferences preclude identification, a new aliquot
of sample must be extracted, further cleaned up, and analyzed.

17.0 Quantitative determination
17.1 Isotope dilution quantitation

17.1.1 By adding a known amount of the Labeled Toxics/L OC/window-defining
compounds to every sample prior to extraction, correction for recovery of the CB
can be made because the native compound and its labeled analog exhibit smilar
effects upon extraction, concentration, and gas chromatography. Relative
responses (RRs) are used in conjunction with the calibration datain Section 10.4
to determine concentrations in the final extract, so long as labeled compound
spiking levels are constant.

17.1.2 Compute the concentrations in the extract of the Native Toxics/LOC CBsusing
the RRs from the calibration data (Section 10.4) and following eguation:

c Lo A, R) ¢
o (NYTL) - (AL, + A2) RR

where:
C, = The concentration of the PCB in the extract, and the

other terms are as defined in Section 10.5.1

17.2 Interna standard quantitation and labeled compound recovery

17.2.1 Compute the concentrations in the extract of the native compounds other than
those in the Native Toxics/LOC standard, in the Labeled cleanup standard, and
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in the Labeled injection internal standard (except for labeled CB 178) using the
response factors determined from the calibration data (Section 10.5) and the
following equation:

(Als + Azs) Cis
(AL, + A2) RF

C, (ng/mL) =

where:
C. = The concentration of the labeled compound in the extract.

The other terms are defined in Section 10.6.1

17.2.2 Using the concentration in the extract determined above, compute the percent
recovery of the Labeled Toxics/L OC/window-defining CBs and the Labeled
cleanup standard CBs using the following equation:

Concentration found (ug/mlL) .
Concentration spiked (ug/mL)

Recovery (%) = 100

17.3  The concentration of a native CB in the solid phase of the sample is computed using the
concentration of the compound in the extract and the weight of the solids (Section
11.2.2.3), asfollows:

(Co ¥ Vo)
W,

S

Concentration in solid (ng/kg) =

where;
C. = The concentration of the compound in the extract.

V_ = The extract volume in mL.
The sample weight (dry weight) in kg.

=

17.4 The concentration of a native CB in the aqueous phase of the sample is computed using the
concentration of the compound in the extract and the volume of water extracted (Section
11.4), asfollows:

(Co ¥ Vo)
V,

S

Concentration in aqueous phase (pg/L) =

where;
C_ = The concentration of the compound in the extract.

V_ = The extract volume in mL.
The sample volume in liters.

<
I

17.5 If the SICP area at either quantitation m/z for any congener exceeds the calibration range
of the system, dilute the sample extract by the factor necessary to bring the concentration
within the calibration range, adjust the concentration of the Labeled injection internal
standard to 100 pg/uL in the extract, and analyze an aliquot of this diluted extract. If the
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17.6

CBs cannot be measured reliably by isotope dilution, dilute and analyze an aqueous
sample or analyze a smaller portion of a soil, tissue, or mixed-phase sample. Adjust the
CB congener concentrations, detection limits, and minimum levels to account for the

dilution.

Results are reported to three significant figures for the CBs and labeled compounds
found in all standards, blanks, and samples.

17.6.1 Reporting units and levels.

176.1.1

17.6.1.2

17.6.1.3

17.6.1.4

Aqueous samples—Report resultsin pg/L (parts-per-quadrillion).

Samples containing greater than 1% solids (soils, sediments, filter
cake, compost)—Report results in ng/kg based on the dry weight of
the sample. Report the percent solids so that the result may be
converted to agueous units.

Tissues—Report results in ng/kg of wet tissue, not on the basis of
the lipid content of the tissue. Report the percent lipid content, so
that the data user can calculate the concentration on alipid basis if
desired.

Reporting level.

17.6.1.4.1 Results above the minimum level of quantitation (ML)
are reported for the analysis of blanks, standards, and
samples. The estimated minimum levels (EMLS) in
Table 2 are based on common laboratory contamination
levels. A laboratory may establish an ML for aCB
lower than the EMLsin Table 2. MLsmay be
established as low as the lowest calibration point (Table
5) provided that the concentration of the congener in a
minimum of 10 blanks for a sample medium (e.g., water,
soil, dudge, tissue) is significantly below the EML in
Table 2. Significant means that the ML for the congener
is no less than the average (mean) plus 2 standard
deviations above the level in the minimum of 10 blanks
(Reference 20). The blanks must be analyzed during the
same period that the sample is analyzed, ideally over an
approximately 1-month period.

17.6.1.4.2 Standards (VER, IPR, OPR) and samples—Report the
result for each congener at or above the ML (or EML
Table 2) to 3 significant figures. Report results below
the ML (or EML) as <ML (where ML isthe
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concentration at the ML) or as required by the
regulatory authority or permit.

17.6.1.4.3 Blanks—Report results above the ML (or EML) to 3
significant figures. Report results below the ML but
above the MDL (or EMDL) to 2 significant figures.
Report results below the MDL as <MDL (where MDL is
the concentration at the MDL) or as required by the
regulatory authority or permit.

17.6.1.4.4 Blank correction—BIlank-corrected results may be
reported in addition to reporting of separate results for
samples (Section 17.6.1.4.1) and blanks (Section
17.6.1.4.2). The recommended procedure for blank
correction (Reference 20) is that aresult is significantly
above the blank level, and the level in the blank may be
subtracted, if the result is greater than the mean plus 2
standard deviations of results of analyses of 10 or more
blanks for a sample medium.

17.6.2 Resultsfor aCB in a sample that has been diluted are reported at the least dilute
level a which the area at the quantitation m/z is within the calibration range
(Section 17.5).

17.6.3 For aCB having alabeled analog, report results at the least dilute level at which
the area at the quantitation m/z is within the calibration range (Section 17.5) and
the labeled compound recovery is within the normal range for the Method
(Section 9.3 and Table 6).

17.6.4 If requested, the total concentration of al congeners at a given level of
chlorination (i.e, total TrCB, total PeCB, total HXxCB) may be reported by
summing the concentrations of al congenersidentified at that LOC, including
both the Toxics and other congeners.

18.0 Analysis of complex samples

18.1 Some samples may contain high levels (>10 ng/L; >1000 ng/kg) of the compounds of
interest, interfering compounds, and/or polymeric materials. Some extracts may not
concentrate to 20 L (Section 12.7); others may overload the GC column and/or mass
spectrometer. Fragment ions from congeners at higher levels of chlorination may
interfere with determination of congeners at lower levels of chlorination.

18.2 Analyze asmaller aiquot of the sample (Section 17.5) when the extract will not
concentrate to 20 nL after al cleanup procedures have been exhausted. If asmaller
aliquot of soils or mixed-phase samplesis analyzed, attempt to assure that the sampleis
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18.3

18.4

18.5

representative.

Perform integration of peak areas and calculate concentrations manually when
interferences preclude computerized caculations.

Several laboratories have reported that backgrounds of many of the CB congeners are
difficult to eliminate, and that these backgrounds can interfere with the determination of
the CBs in environmental samples. Backgrounds of Toxics with [UPAC numbers 105,
114, 118, 123, 156, 157, and 167 are common. The effects of contamination on results
for these congeners should be understood in order to make a reliable determination.

Recovery of labeled compounds—In most samples, recoveries of the labeled compounds
will be similar to those from reagent water or from the aternate matrix (Section 7.6).

18.5.1 If the recovery of any of the labeled compounds is outside of the normal range
(Table 6), adiluted sample must be analyzed (Section 17.5).

18.5.2 If the recovery of any of the labeled compounds in the diluted sample is outside
of normal range, the calibration verification standard (Section 7.10.1 and Table 5)
must be analyzed and calibration verified (Section 15.3).

18.5.3 If the cdibration cannot be verified, a new calibration must be performed and the
original sample extract reanayzed.

18.5.4 If the cdlibration is verified and the diluted sample does not meet the limits for
labeled compound recovery, the Method does not apply to the sample being
analyzed and the result may not be reported or used for permitting or regulatory
compliance purposes. In this case, alternate extraction and cleanup procedures
in this Method or an aternate GC column must be employed to resolve the
interference. If al cleanup proceduresin this Method and an aternate GC
column have been employed and labeled compound recovery remains outside of
the normal range, extraction and/or cleanup procedures that are beyond this
scope of this Method will be required to analyze the sample.

19.0 Pollution prevention

19.1

19.2

Pollution prevention encompasses any technique that reduces or eliminates the quantity
or toxicity of waste at the point of generation. Many opportunities for pollution
prevention exist in laboratory operation. EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the
management option of first choice. Whenever feasible, laboratory personnel should use
pollution prevention techniques to address waste generation. When wastes cannot be
reduced feasibly at the source, the Agency recommends recycling as the next best option.

The CBsin this Method are used in extremely small amounts and pose little threat to the
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20.0

21.0

19.3

environment when managed properly. Standards should be prepared in volumes
consistent with laboratory use to minimize the disposal of excess volumes of expired
standards.

For information about pollution prevention that may be applied to laboratories and
research ingtitutions, consult Less is Better: Laboratory Chemical Management for
Waste Reduction, available from the American Chemical Society's Department of
Governmental Relations and Science Policy, 1155 16th Street NW, Washington DC
20036, 202/872-4477.

Waste management

20.1

20.2

20.3

20.4

20.5

The laboratory is responsible for complying with all Federal, State, and local regulations
governing waste management, particularly the hazardous waste identification rules and
land disposal restrictions, and to protect the air, water, and land by minimizing and
controlling all releases from fume hoods and bench operations. Complianceis also
required with any sewage discharge permits and regulations. An overview of
requirements can be found in Environmental Management Guide for Small Laboratories
(EPA 233-B-98-001).

Samples containing HCI or H,SO, to pH <2 are hazardous and must be neutralized
before being poured down adrain or must be handled as hazardous waste.

The CBs decompose above 800 °C. Low-level waste such as absorbent paper, tissues,
animal remains, and plastic gloves may be burned in an appropriate incinerator. Gross
guantities (milligrams) should be packaged securely and disposed of through commercial
or governmental channels that are capable of handling extremely toxic wastes.

Liquid or soluble waste should be dissolved in methanol or ethanol and irradiated with
ultraviolet light with a wavelength shorter than 290 nm for several days. Use F40 BL or
equivalent lamps. Analyze liquid wastes, and dispose of the solutions when the CBs can
no longer be detected.

For further information on waste management, consult The Waste Management Manual
for Laboratory Personnel and Less is Better-Laboratory Chemical Management for
Waste Reduction, available from the American Chemical Society's Department of
Government Relations and Science Policy, 1155 16th Street N.W., Washington, D.C.
20036.

Method performance

Method 1668A was validated and preliminary data were collected in a single laboratory
(Reference 21). The original version of Method 1668 was validated in two single-laboratory
studies. Figure 8 is a chromatogram showing method performance at each level of chlorination.
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23.0 Tables and Figures

Table1l. Names, International Union of Pure and Applied Chemistry (IUPAC) numbers, and
CAS Registry numbers for native and labeled chlorinated biphenyl (CB) congeners determined by
isotope dilution and internal standard HRGC/HRMS.

IUPAC |CASregistry IUPAC [CASregistry
CB congener! number |number Labeled analog analog (number
2-MoCB 1 2051-60-7 13C,,-2-M0oCB? 1L| 234432-85-0
3-MoCB 2 2051-61-8
4-MoCB 3 2051-62-9 13C,,-4-M0oCB? 3L| 208263-77-8
2,2-DiCB 4| 13029-08-8 3C,,-2,2'-DiCB? 41| 234432-86-1
2,3-DiCB 5/ 16605-91-7
2,3-DiCB 6| 25569-80-6
2,4-DiCB 7| 33284-50-3
2,4-DiCB? 8| 34883-43-7
2,5-DiCB 9| 34883-39-1 3C,-2,5-DiCB* 9L | 250694-89-4
2,6-DiCB 10| 33146-45-1
3,3-DiCB 11 2050-67-1
3,4-DiCB 12 2974-92-7
3,4-DiCB 13 2974-90-5
3,5-DiCB 14| 34883-41-5
4,4-DiCB 15 2050-68-2 3C,,-4,4-DiCB? 15L | 208263-67-6
2,2,3-TrCB 16| 38444-78-9
2,2,4-TrCB 17| 37680-66-3
2,2 5-TrCB? 18| 37680-65-2
2,2,6-TrCB 19| 38444-73-4 B3C,-2,2',6-TrCB? 19L | 234432-87-2
2,3,3-TrCB 20| 38444-84-7
2,3,4-TrCB 21| 55702-46-0
2,34-TrCB 22| 38444-85-8
2,3,5-TrCB 23| 55720-44-0
2,3,6-TrCB 24| 55702-45-9
2,3,4-TrCB 25| 55712-37-3
2,3,5-TrCB 26| 38444-81-4
2,3,6-TrCB 27| 38444-76-7
2,44-TrCB? 28 7012-37-5 BC,-2,4,4-TriCB? 28L | 208263-76-7
2,45-TrCB 29| 15862-07-4
2,4,6-TrCB 30| 35693-92-6
2,4'5-TrCB 31| 16606-02-3
2,4'6-TrCB 32| 38444-77-8
2.,3,4-TrCB 33| 38444-86-9
2.,3,5-TrCB 34| 37680-68-5
3,3,4-TrCB 35| 37680-69-6
3,3,5-TrCB 36| 38444-87-0
3,4,4-TrCB 37| 38444-90-5 13C,-3,4,4-TrCB? 37L| 208263-79-0
3,4,5-TrCB 38| 53555-66-1
3,4'5-TrCB 39| 38444-88-1
2,2,3,3-TeCB 40| 38444-93-8
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IUPAC |CASregistry IUPAC [CASregistry
CB congener! number |number Labeled analog analog (number

2,2,34-TeCB 41| 52663-59-9
2,2,3,4-TeCB 42| 36559-22-5
2,2,3,5-TeCB 43| 70362-46-8
2,2,3,5-TeCB? 44| 41464-39-5
2,2,3,6-TeCB 45| 70362-45-7
2,2,3,6-TeCB 46| 41464-47-5
2,2,4,4-TeCB 47 2437-79-8
2,2,4,5-TeCB 48| 70362-47-9
2,2,4,5-TeCB 49| 41464-40-8
2,2,4,6-TeCB 50| 62796-65-0
2,2,4,6-TeCB 51| 68194-04-7

2,2 5,5'-TeCB? 52| 35693-99-3 BC,-2,2',5,5-TeCB* 52L | 208263-80-3
2,2'5,6-TeCB 53| 41464-41-9

2,2,6,6-TeCB 54| 15968-05-5 13C,-2,2',6,6'-TeCB? 54L | 234432-88-3
2,3,3,4-TeCB 55| 74338-24-2
2,3,3,4-TeCB 56| 41464-43-1
2,3,3,5-TeCB 57| 70424-67-8
2,3,3,5-TeCB 58| 41464-49-7
2,3,3,6-TeCB 59| 74472-33-6
2,34,4-TeCB 60| 33025-41-1
2,3,4,5-TeCB 61| 33284-53-6
2,3,4,6-TeCB 62| 54230-22-7
2,34'5-TeCB 63| 74472-34-7
2,34',6-TeCB 64| 52663-58-8
2,3,5,6-TeCB 65| 33284-54-7
2,3,4,4-TeCB? 66 32598-10-0
2,3,4,5-TeCB 67| 73575-53-8
2,3,4,5-TeCB 68| 73575-52-7
2,3,4,6-TeCB 69| 60233-24-1
2,3,4,5-TeCB 70| 32598-11-1
2,3,4,6-TeCB 71| 41464-46-4
2,3,5,5-TeCB 72| 41464-42-0
2,3,5,6-TeCB 73| 74338-23-1
2,4,4'5-TeCB 74| 32690-93-0
2,4,4',6-TeCB 75| 32598-12-2
2.,3,4,5-TeCB 76| 70362-48-0

3,3,4,4-TeCB?*® 77| 32598-13-3 13C,-3,3,4,4-TeCB*’ 77L| 105600-23-5
3,3,4,5-TeCB 78| 70362-49-1
3,3,4,5-TeCB 79| 41464-48-6
3,3,5,5-TeCB 80| 33284-52-5

3,4,4'5-TeCB*® 81| 70362-50-4 3C,,-3,4,4' 5-TeCB’ 81L| 208461-24-9
2,2,3,3,4-PeCB 82| 52663-62-4
2,2,3,3,5-PeCB 83| 60145-20-2
2,2,3,3,6-PeCB 84| 52663-60-2
2,2',3,4,4-PeCB 85| 65510-45-4
2,2,3,4,5-PeCB 86| 55312-69-1
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IUPAC |CASregistry IUPAC [CASregistry
CB congener! number |number Labeled analog analog (number
2,2',3,4,5-PeCB 87| 38380-02-8
2,2',3,4,6-PeCB 88| 55215-17-3
2,2',3,4,6'-PeCB 89| 73575-57-2
2,2',3,4',5-PeCB 90| 68194-07-0
2,2',3,4',6-PeCB 91| 68194-05-8
2,2',3,5,5'-PeCB 92| 52663-61-3
2,2',3,5,6-PeCB 93| 73575-56-1
2,2,3,5,6'-PeCB 94| 73575-55-0
2,2,3,5,6-PeCB 95| 38379-99-6
2,2,3,6,6'-PeCB 96| 73575-54-9
2,2,3,4,5-PeCB 97| 41464-51-1
2,2,3,4,6-PeCB 98| 60233-25-2
2,244 5-PeCB 99| 38380-01-7
2,2',4,4',6-PeCB 100 39485-83-1
2,2',4,55-PeCB? 101, 37680-73-2 BC,-2,2',4,5,5-PeCB*| 101L| 104130-39-4
2,2',4,5,6'-PeCB 102| 68194-06-9
2,2',4,5,'6-PeCB 103| 60145-21-3
2,2',4,6,6'-PeCB 104| 56558-16-8 B3C,-2,2',4,6,6-PeCB?| 104L| 234432-89-4
2,3,3,4,4-PeCB3® 105| 32598-14-4 13C,-2,3,34,4-PeCB’| 105L| 208263-62-1
2,3,3,4,5-PeCB 106| 70424-69-0
2,3,3,4',5-PeCB 107| 70424-68-9
2,3,3,4,5'-PeCB 108| 70362-41-3
2,3,3,4,6-PeCB 109| 74472-35-8
2,3,3,4',6-PeCB 110, 38380-03-9
2,3,3,5,5'-PeCB 111 39635-32-0 3C,-2,3,3,5,5-PeCB®| 111L| 235416-29-2
2,3,3,5,6-PeCB 112 74472-36-9
2,3,3,5,6-PeCB 113| 68194-10-5
2,3,4,4' 5-PeCB*® 114| 74472-37-0 B3C,-2,34,4,5PeCB’| 114L| 208263-63-2
2,3,4,4',6-PeCB 115 74472-38-1
2,3,4,5,6-PeCB 116 18259-05-7
2,3,4',5,6-PeCB 117| 68194-11-6
2,3,4,4' 5-PeCB3® 118 31508-00-6 13C,-2,3,4,4 5-PeCB’| 118L| 104130-40-7
2,3,4,4',6-PeCB 119 56558-17-9
2,3,4,5,5'-PeCB 120| 68194-12-7
2,3,4,5,'6-PeCB 121| 56558-18-0
2,3,3,4,5-PeCB 122| 76842-07-4
2'.3,4,4' 5-PeCB*® 123| 65510-44-3 B3C,-2,3,4,4 5-PeCB’| 123L| 208263-64-3
2,3,4,5,5-PeCB 124| 70424-70-3
2,3,4,5,6'-PeCB 125| 74472-39-2
3,3,4,4' 5-PeCB3® 126| 57465-28-8 3C,-3,3,4,4 ,5-PeCB?"| 126L| 208263-65-4
3,3,4,5,5'-PeCB 127| 39635-33-1
2,2',3,3,4,4-HxCB? 128| 38380-07-3
2,2,3,3,4,5-HxCB 129| 55215-18-4
2,2,3,3,4,5-HxCB 130| 52663-66-8
2,2,3,3,4,6-HxCB 131| 61798-70-7
2,2,3,3,4,6-HxCB 132 38380-05-1
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IUPAC |CASregistry IUPAC [CASregistry
CB congener! number |number Labeled analog analog (number
2,2,3,3,5,5-HxCB 133| 35694-04-3
2,2,3,3,5,6-HxCB 134| 52704-70-8
2,2,3,3,5,6-HxCB 135| 52744-13-5
2,2,3,3,6,6-HxCB 136 38411-22-2
2,2',3,4,4' 5-HxCB 137| 35694-06-5
2,2',3,4,4 5-HxCB? 138| 35065-28-2 BC,-2,2',3,4,4' 5-HxCB*| 138L| 208263-66-5
2,2',3,4,4'6-HxCB 139| 56030-56-9
2,2',3,4,4'6-HxCB 140 59291-64-4
2,2,3,4,5,5-HxCB 141| 52712-04-6
2,2,3,4,5,6-HxCB 142| 41411-61-4
2,2',3,4,5,6'-HxCB 143| 68194-15-0
2,2,3,4,5,6-HxCB 144| 68194-14-9
2,2',3,4,6,6'-HxCB 145| 74472-40-5
2,2,3,4'55-HxCB 146| 51908-16-8
2,2',3,4'5,6-HxCB 147| 68194-13-8
2,2',3,4'5,6-HxCB 148| 74472-41-6
2,2,3,45,6-HxCB 149| 38380-04-0
2,2',3,4',6,6-HxCB 150, 68194-08-1
2,2,3,5,5',6-HxCB 151| 52663-63-5
2,2',3,5,6,6'-HxCB 152| 68194-09-2
2,244 55-HxCB? 153| 35065-27-1
2,244 5,6-HxCB 154| 60145-22-4
2,2',4,4,6,6-HxCB 155| 33979-03-2 B3C,-2,2',4,4,6,6'-HxCB?| 155L| 234432-90-7
2,3,3,4,4 5-HxCB® 156| 38380-08-4 13C,-2,3,34,4' 5-HXCB’| 156L| 208263-68-7
2,3,3,4,4' 5-HxCB® 157| 69782-90-7 BC,-2,3,34,4' 5-HxCB’| 157L| 235416-30-5
2,3,3,4,4',6-HxCB 158| 74472-42-7
2,3,3,4,5,5-HxCB 159| 39635-35-3
2,3,3,4,5,6-HxCB 160| 41411-62-5
2,3,3,4,5,6-HxCB 161| 74472-43-8
2,3,3,4'5,5-HxCB 162| 39635-34-2
2,3,3,4'5,6-HxCB 163| 74472-44-9
2,3,3,4,5,6-HxCB 164| 74472-45-0
2,3,3,5,5,6-HxCB 165| 74472-46-1
2,3,4,4'5,6-HxCB 166 41411-63-6
2,3,4,4'55-HxCB® 167| 52663-72-6 BC,-2,3,4,4 55-HxCB’| 167L| 208263-69-8
2,3,4,45,6-HxCB 168| 59291-65-5
3,3,4,45,5-HxCB?3® 169| 32774-16-6 13C,-3,3,4,4'5,5-HxCB?’| 169L| 208263-70-1
2,2',3,3,4,4'5-HpCB? 170| 35065-30-6
2,2'3,3,4,4',6-HpCB 171| 52663-71-5
2,2,3,3,4,55-HpCB 172| 52663-74-8
2,2,3,3,4,5,6-HpCB 173| 68194-16-1
2,2,3,3,4,5,6-HpCB 174| 38411-25-5
2,2,3,3,4,5,6-HpCB 175| 40186-70-7
2,2,3,3,4,6,6-HpCB 176| 52663-65-7
2,2,3,3,4'5,6-HpCB 177| 52663-70-4
2,2,3,3,55,6-HpCB 178| 52663-67-9 BC,-2,2,3,3,5,5,6-HpCB®| 178L| 232919-67-4
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IUPAC |CASregistry IUPAC |[CASregistry
CB congener! number |number Labeled analog analog (number
2,2',3,3',5,6,6'-HpCB 179| 52663-64-6
2,2',3,4,4'55-HpCB? 180 35065-29-3
2,2',3,4,45,6-HpCB 181| 74472-47-2
2,2',3,4,45,6'-HpCB 182 60145-23-5
2,2',3,445,6-HpCB 183| 52663-69-1
2,2',3,4,4,6,6'-HpCB 184| 74472-48-3
2,2',3,4,5,5,6-HpCB 185 52712-05-7
2,2',3,4,5,6,6'-HpCB 186 74472-49-4
2,2',3,4'5,5,6-HpCB? 187 52663-68-0
2,2',3,4,5,6,6'-HpCB 188| 74487-85-7 BC,-2,2,3,4,5,6,6-HpCB?| 188L| 234432-91-8
2,3,3,4,455-HpCB® 189 39635-31-9 2C,,-2,3,3,4,4'55-HpCB>’| 189L| 208263-73-4
2,3,3,4,4,5,6-HpCB 190 41411-64-7
2,3,3,4,45,6-HpCB 191| 74472-50-7
2,3,3,4,5,5,6-HpCB 192 74472-51-8
2,3,3,455,6-HpCB 193| 69782-91-8
2,2',3,3,4,4',5,5-0cCB 194| 35694-08-7 2C,-2,2,3,3,4,4,55-0cCB*| 194L| 208263-74-5
2,2',3,3,4,4'5,6-OcCB? 195 52663-78-2
2,2',3,3,4,4',5,6'-OcCB 196 42740-50-1
2,2',3,3,4,4,6,6'-OcCB 197 33091-17-7
2,2',3,3,4,5,5,6-0OcCB 198| 68194-17-2
2,2',3,3,4,5,5,6'-OcCB 199 52663-75-9
2,2',3,3,4,5,6,6'-OcCB 200| 52663-73-7
2,2',3,3,4,5,6,6'-OcCB 201| 40186-71-8
2,2',3,3,5,5,6,6'-OcCB 202 2136-99-4 2¥C,»-2,2,3,3,5,5,6,6-0OcCB?| 202L| 105600-26-8
2,2',3,4,45,5,6-OcCB 203| 52663-76-0
2,2',3,4,45,6,6'-OcCB 204| 74472-52-9
2,3,3,4,45,5,6-OcCB 205| 74472-53-0 ¥C,»-2,3,3,4,4'5,5,6-OcCB?| 205L| 234446-64-1
2,2',3,3,4,4'5,5,6-NoCB? 206| 40186-72-9| 3C,,-2,2',3,3'4,4'55,6-NoCB?| 206L| 208263-75-6
2,2',3,3,4,4',5,6,6'-NoCB 207| 52663-79-3
2,2',3,3,4,5,5',6,6-NoCB 208| 52663-77-1| C,-22,3,3,4,55,6,6-NoCB?| 208L| 234432-92-9
DeCB? 209|  2051-24-3 3C,,-DeCB?| 209L| 105600-27-9
1. Abbreviations for chlorination levels
MoCB = monochl orobi phenyl
DICB = dichlorobiphenyl
TrCB = trichlorobiphenyl
TeCB = tetrachl orbiphenyl
PeCB = pentachl orobiphenyl
HxCB = hexachlorobiphenyl
HpCB = heptachl orobipheny!
OcCB = octachlorobiphenyl
NoCB = nonachlorobiphenyl
DeCB = decachlorobiphenyl

agkrwn

Labeled Ievel of chlorination (LOC) window-defining congener
Nationa Oceanic and Atmospheric Administration (NOAA) congener of interest
Labeled injection internal standard
Labeled clean-up standard
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6. World Health Organization (WHO) toxic congener
7. Labeled analog of WHO toxic congener
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Table2. Retention times (RT), RT references, relative retention times (RRTS), estimated method detection limits (EMDL ), and estimated minimum
levels (EMLS) for the 209 CB congeners on SPB-Octyl.

Detection limits and minimum levels -
Matrix and concentration™
Water Other Extract
Cl Window (pg/L) (ng/kg) (pg/ul)
No.! IUPAC No. %3 RT Ref* | RTs° | RRT® | RRT limits’ (sec)® Quantitation reference’ EMDL [EML | EMDL [EML| EML
Compoundsusing 9L (**C,,-2,5-DiCB) as L abeled injection internal standard
CB congener

M onochlor obiphenyls
1 1 1L 13:44 | 1.0012 | 0.9951-1.0073] 10 1L 82 200 8 20 10
1 2 3L 16:08 | 0.9878 | 0.9847-0.9908 6 1L/3L 4 10 0.4 1 0.5
1 3 3L 16:21 | 1.0010 | 0.9980-1.0041 6 3L 88 200 9 20 10

Dichlor obiphenyls
2 4 a 16:40 | 1.0010 | 0.9960-1.0060| 10 a 172 500 17 50 20
2 10 a 16:53 | 1.0140 | 1.0110-1.0170 6 4L/15L 22 50 2 5 2
2 9 4 18:55 | 1.1361 | 1.1331-1.1391 6 4L/15L 20 50 2 5 2
2 7 4 19:07 | 1.1481 | 1.1451-1.1512 6 4L/15L 15 50 2 5 2
2 6 a 19:26 | 1.1672 | 1.1642-1.1702 6 4L/15L 13 50 1 5 2
2 5 a 19:48 | 1.1892 | 1.1862-1.1922 6 4L/15L 11 50 1 5 2
2 8 a 19:56 | 1.1972 | 1.1942-1.2002 6 4L/15L 121 500 12 50 20
2 14 15L 21:42 | 0.9267 | 0.9246-0.9288 6 4L/15L 31 100 3 10 5
2 11 15L 22:42 | 0.9694 | 0.9673-0.9715 6 4L/15L 105 200 10 20 10
2 13 15L 23:03 | 0.9843 | 0.9822-0.9865 6 4L/15L
2 12 15L 23:06 | 0.9865 | 0.9843-0.9886 6 4L/15L 28 100 3 10 5
2 13/12 15L 23:04 | 0.9851 | 0.9829-0.9872 6 4L /15L
2 15 15L 23:26 | 1.0007 | 0.9972-1.0043| 10 15L 183 500 18 50 20

Trichloraobiphenyls
3 19 19L 20:19 | 1.0008 | 0.9967-1.0049| 10 19L 42 100 4 10 5
3 30 19L 22:15] 1.0961 | 1.0936-1.0985 6 19L/37L
3 18 19L 22:23| 11026 | 1.1002-1.1051 6 19L/37L 175 500 17 50 20
3 30/18 19L 22:19 | 1.0993 | 1.0969-1.1018 6 19L/37L
3 17 19L 22:49 | 1.1240 | 1.1215-1.1264 6 19L/37L 86 200 9 20 10
3 27 19L 23:06 | 1.1379 | 1.1355-1.1404 6 19L/37L 59 200 6 20 10
3 24 19L 23:14 | 1.1445 | 1.1420-1.1470 6 19L/37L 53 200 5 20 10
3 16 19L 23:25| 1.1535 | 1.1511-1.1560 6 19L/37L 35 100 4 10 5
3 32 19L 24:57 | 1.2291 | 1.2266-1.2315 6 19L/37L 84 200 8 20 10
3 34 19L 25:17 | 1.2455 | 1.2430-1.2479 6 19L/37L 74 200 7 20 10
3 23 19L 25:26 | 1.2529 | 1.2504-1.2553 6 19L/37L 50 200 5 20 10
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Detection limits and minimum levels -
Matrix and concentration™
Water Other Extract
Cl Window (pg/L) (ng/kg) (pg/ul)
No.! IUPAC No. 23 RT Ref* | RTS’ | RRT® | RRT limits’ (sec)® Quantitation reference’ EMDL |EML | EMDL [EML| EML
3 29 19L 25:47 | 1.2701 | 1.2660-1.2742] 10 19L/37L
3 26 19L 25:48 | 1.2709 | 1.2668-1.2750| 10 19L/37L 83 200 8 20 10
3 26/29 19L 25:48 | 1.2709 | 1.2668-1.2750| 10 19L/37L
3 25 37L 26:04 | 0.8364 | 0.8348-0.8380 6 19L/37L 55 200 5 20 10
3 31 37L 26:25 | 0.8476 | 0.8460-0.8492 6 19L/37L 152 500 15 50 20
3 28 37L 26:44 | 0.8578 | 0.8551-0.8604| 10 19L/37L
3 20 37L 26:49 | 0.8604 | 0.8578-0.8631| 10 19L/37L 192 500 19 50 20
3 28/20 37L 26:47 | 0.8594 | 0.8567-0.8620, 10 10L/37L
3 21 37L 26:58 | 0.8652 | 0.8626-0.8679| 10 19L/37L
3 33 37L 27:01| 0.8668 | 0.8642-0.8695| 10 19L/37L 51 200 5 20 10
3 21/33 37L 26:59 | 0.8658 | 0.8631-0.8684| 10 19L/37L
3 22 37L 27:29 | 0.8818 | 0.8802-0.8834 6 19L/37L 90 200 9 20 10
3 36 37L 29:05| 0.9332 | 0.9316-0.9348 6 19L/37L 79 200 8 20 10
3 39 37L 29:30 | 0.9465 | 0.9449-0.9481 6 19L/37L 85 200 9 20 10
3 38 37L 30:10 | 0.9679 | 0.9663-0.9695 6 19L/37L 83 200 8 20 10
3 35 37L 30:42 | 0.9850 | 0.9834-0.9866 6 19L/37L 77 200 8 20 10
3 37 37L 31:11 | 1.0005 | 0.9989-1.0021 6 37L 132 500 13 50 20
L abeled Compounds
1 1L 9L 13:43 | 0.7257 | 0.7125-0.7390] 30 9L
1 3L 9L 16:20 | 0.8642 | 0.8510-0.8774| 30 9L
2 a 9L 16:39 | 0.8810 | 0.8677-0.8942| 30 9L
2 15L 9L 23:25| 1.2390 | 1.2302-1.2478| 20 9L
3 19L 9L 20:118| 1.0741 | 1.0608-1.0873| 30 9L
3 37L 52L 31:10| 1.0803 | 1.0716-1.0890] 30 52L
Compoundsusing 52L (**C,,-2,2',5,5'-TeCB) as L abeled injection internal standard
CB congener
Tetrachlor obiphenyls
4 54 54L 23:51| 1.0007 | 0.9972-1.0042| 10 54L 118 500 12 50 20
4 50 54L 26:07 | 1.0958 | 1.0923-1.0993| 10 54L/81L/77L
4 53 54L 26:09 | 1.0972 | 1.0937-1.1007| 10 54L/81L/77L 58 200 6 20 10
4 50/53 54L 26:08 | 1.0965 | 1.0930-1.1000, 10 54L/81L/77L
4 45 54L 26:55| 1.1294 | 1.1259-1.1329| 10 54L/81L/77L
4 51 54L 26:58 | 1.1315 | 1.1280-1.1350| 10 54L/81L/77L 51 200 5 20 10
4 45/51 54L 26:57 | 1.1308 | 1.1273-1.1343| 10 54L/81L/77L
4 46 54L 27:18 | 1.1455 | 1.1434-1.1476 6 54L/81L/77L 101 200 10 20 10
4 52 54L 28:45| 1.2063 | 1.2042-1.2084 6 54L/81L/77L 191 500 19 50 20
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Detection limits and minimum levels -
Matrix and concentr ation®

Water Other Extract
Cl Window (pg/L) (ng/kg) (pg/ul)
No.! IUPAC No. %3 RT Ref* | RTs° | RRT® | RRT limits’ (sec)® Quantitation reference’ EMDL |EML | EMDL [EML| EML

4 73 54L 28:52 | 1.2112 | 1.2091-1.2133 6 54L/81L/77L 160 500 16 50 20
4 43 54L 28:58 | 1.2154 | 1.2133-1.2175 6 54L/81L/77L 94 200 9 20 10
4 69 54L 29:08 | 1.2224 | 1.2189-1.2259| 10 54L/81L/77L

4 49 54L 29:16 | 1.2280 | 1.2245-1.2315| 10 54L/81L/77L 115 500 11 50 20
4 69/49 54L 29:12 | 1.2252 | 1.2217-1.2287| 10 54L/81L/77L

4 48 54L 29:33 | 1.2399 | 1.2378-1.2420 6 54L/81L/77L 76 200 8 20 10
4 65 54L 29:49 | 1.2510 | 1.2476-1.2545] 10 54L/81L/77L

4 47 54L 29:50 | 1.2517 | 1.2483-1.2552| 10 54L/81L/77L 195 500 19 50 20
4 44 54L 29:53 | 1.2538 | 1.2503-1.2573| 10 54L/81L/77L

4 44/47/65 54L 29:50 | 1.2517 | 1.2483-1.2552] 10 54L/81L/77L

4 62 54L 30:06 | 1.2629 | 1.2594-1.2664| 10 54L/81L/77L

4 75 54L 30:08 | 1.2643 | 1.2608-1.2678| 10 54L/81L/77L 57 200 6 20 10
4 59 54L 30:12 | 1.2671 | 1.2636-1.2706] 10 54L/81L/77L

4 59/62/75 54L 30:09 | 1.2650 | 1.2615-1.2685| 10 54L/81L/77L

4 42 54L 30:26 | 1.2769 | 1.2748-1.2790 6 54L/81L/77L 61 200 6 20 10
4 41 54L 30:52 | 1.2951 | 1.2916-1.2986] 10 54L/81L/77L

4 71 54L 30:58 | 1.2993 | 1.2958-1.3028| 10 54L/81L/77L 119 500 12 50 20
4 40 54L 30:01 | 1.2594 | 1.2559-1.2629| 10 54L/81L/77L

4 41/40/71 54L 30:58 | 1.2993 | 1.2058-1.3028| 10 54L/81L/77L

4 64 54L 31:12| 1.3091 | 1.3070-1.3112 6 54L/81L/77L 70 200 7 20 10
4 72 81L 31:59 | 0.8336 | 0.8323-0.8349 6 54L/81L/77L 158 500 16 50 20
4 68 81L 32:18 | 0.8419 | 0.8406-0.8432 6 54L/81L/77L 149 500 15 50 20
4 57 81L 32:46 | 0.8540 | 0.8527-0.8553 6 54L/81L/77L 125 500 12 50 20
4 58 81L 33:05| 0.8623 | 0.8610-0.8636 6 54L/81L/77L 127 500 13 50 20
4 67 81L 33:13| 0.8658 | 0.8645-0.8671 6 54L/81L/77L 147 500 15 50 20
4 63 81L 33:30| 0.8732 | 0.8719-0.8745 6 54L/81L/77L 138 500 14 50 20
4 61 81L 33:46 | 0.8801 | 0.8775-0.8827| 12 54L/81L/77L

4 70 81L 33:53 | 0.8831 | 0.8805-0.8858| 12 54L/81L/77L

4 76 81L 33:55| 0.8840 | 0.8814-0.8866| 12 54L/81L/77L 171 500 17 50 20
4 74 54L 33:57 | 0.8849 | 0.8827-0.8871| 10 54L/81L/77L

4 61/70/74/76 81L 33:55 | 0.8840 | 0.8814-0.8866| 12 54L/81L/77L

4 66 81L 34:15| 0.8927 | 0.8914-0.8940 6 54L/81L/77L 162 500 16 50 20
4 55 81L 34:28 | 0.8983 | 0.8970-0.8997 6 54L/81L/77L 120 500 12 50 20
4 56 81L 35:03 | 0.9136 | 0.9123-0.9149 6 54L/81L/77L 98 200 10 20 10
4 60 81L 35:16 | 0.9192 | 0.9179-0.9205 6 54L/81L/77L 131 500 13 50 20
4 80 81L 35:32 | 0.9262 | 0.9248-0.9275 6 54L/81L/77L 175 500 18 50 20
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Method 1668, Revision A

Detection limits and minimum levels -
Matrix and concentr ation®

Water Other Extract
Cl Window (pg/L) (ng/kg) (pg/ul)
No.! IUPAC No. %3 RT Ref* | RTs° | RRT® | RRT limits’ (sec)® Quantitation reference’ EMDL |EML | EMDL [EML| EML
4 79 81L 37:16 | 0.9713 | 0.9700-0.9726 6 54L/81L/77L 173 500 17 50 20
4 78 81L 37:52 | 0.9870 | 0.9857-0.9883 6 54L/81L/77L 171 500 17 50 20
4 81 81L 38:23 | 1.0004 | 0.9991-1.0017 6 81L 177 500 18 50 20
4 77 77L 39:02 | 1.0004 | 0.9991-1.0017 6 77L 169 500 17 50 20
L abeled compounds
4 54L 52L 23:50 | 0.8261 | 0.8203-0.8319| 20 52L
4 81L 52L 38:22 | 1.3299 | 1.3241-1.3356| 20 52L
4 77L 52L 39:01| 1.3524 | 1.3466-1.3582| 20 52L
Compoundsusing 101L (**C,,-2,2',4,5,5'-PeCB) as L abeled injection internal standard
CB congener
Pentachlor obiphenyls
5 104 104L 29:46 | 1.0000 | 0.9972-1.0028| 10 104L 228 500 23 50 20
5 96 104L 30:17 | 1.0174 | 1.0146-1.0202| 10 104L/123L/1141 /118L/105L/126L 210 500 21 50 20
5 103 104L 32:11| 1.0812 | 1.0795-1.0829 6 104L/123L/1141 /118L/105L/126L 225 500 23 50 20
5 94 104L 32:29 | 1.0913 | 1.0896-1.0929 6 104L/123L/1141 /118L/105L/126L 121 500 12 50 20
5 95 104L 33:00| 1.1086 | 1.1058-1.1114| 10 104L/123L/1141/118L/105L/126L
5 100 104L 33:06 | 1.1120 | 1.1092-1.1148| 10 104L/1231/1141 /1181 /105L/126L
5 93 104L 33:14| 11165 | 1.1137-1.1193| 10 104L/123L/114L /118L/105L/126L 221 500 22 50 20
5 102 104L 33:21| 11204 | 1.1176-1.1232| 10 104L/123L/114L /118L/105L/126L
5 98 104L 33:26 | 1.1232 | 1.1204-1.1260{ 10 104L/123L/114L /118L/105L/126L
5 95/100/93/102/98 104L 33:13 | 1.1159 | 1.1131-1.1187| 15 104L/123L /1141 /118L/105L/126L
5 88 104L 33:48 | 1.1355 | 1.1321-1.1389| 12 104L/123L/114L /118L/105L/126L
5 91 104L 33:55| 1.1394 | 1.1366-1.1422| 10 104L/123L/114L /118L/105L/126L 118 500 12 50 20
5 88/91 104L 3352 1.1377 | 1.1344-1.1411] 12 104L /1231 /1141 /1181 /105L/126L
5 84 104L 34:14 | 1.1501 | 1.1484-1.1517 6 104L/123L/114L /118L/105L/126L 124 500 12 50 20
5 89 104L 34:44 1 1.1669 | 1.1652-1.1685 6 104L/123L/1141 /118L/105L/126L 195 500 19 50 20
5 121 104L 34:57 | 11741 | 1.1725-1.1758 6 104L/123L/1141 /118L/105L/126L 209 500 21 50 20
5 92 123L 35:26 | 0.8639 | 0.8627-0.8651 6 104L/123L/114L /118L/105L/126L 115 500 12 50 20
5 113 104L 36:01 | 0.8781 | 0.8761-0.8801| 10 104L/123L/114L /118L/105L/126L
5 90 104L 36:03 | 0.8789 | 0.8769-0.8809| 10 104L/123L/1141 /118L/105L/126L 241 | 1000 24 100 50
5 101 104L 36:04 | 0.8793 | 0.8773-0.8813| 10 104L/123L/1141 /118L/105L/126L
5 113/90/101 104L 36:03 | 0.8789 | 0.8769-0.8809| 10 104L/123L /1141 /118L/105L/126L
5 83 104L 36:39 | 0.8935 | 0.8911-0.8960| 12 104L/123L/114L /118L/105L/126L
5 99 104L 36:41 | 0.8944 | 0.8923-0.8964| 10 104L/123L/114L /118L/105L/126L 217 500 22 50 20
5 83/99 104L 36:40 | 0.8939 | 0.8915-0.8964| 12 104L/1231 /1141 /1181 /105L/126L
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Method 1668, Revision A

Detection limits and minimum levels -

Matrix and concentr ation®

Water Other Extract
Cl Window (pg/L) (ng/kg) (pg/ul)
No.! IUPAC No. %3 RT Ref* | RTs° | RRT® | RRT limits’ (sec)® Quantitation reference’ EMDL |EML | EMDL [EML| EML

5 112 104L 36:51 | 0.8984 | 0.8972-0.8996 6 104L/123L/1141 /118L/105L/126L 245 | 1000 25 100 50
5 119 104L 37:12 | 0.9069 | 0.9037-0.9102| 16 104L/123L/1141/118L/105L/126L

5 108 104L 37:12| 0.9069 | 0.9037-0.9102| 16 104L/123L/1141 /118L/105L/126L

5 86 104L 37:17 | 0.9090 | 0.9057-0.9122| 16 104L/123L/1141 /118L/105L/126L 149 500 15 50 20
5 97 104L 37:17 | 0.9090 | 0.9057-0.9122| 16 104L/1231/1141 /1181 /105L/126L

5 125 104L 37:21| 0.9106 | 0.9074-0.9139| 16 104L/123L/114L /118L/105L/126L

5 87 104L 37:25| 0.9122 | 0.9102-0.9143| 10 104L/123L/114L /118L/105L/126L

5 1108/119/86/97/125/87 | 104L 37:19 | 0.9098 | 0.9065-0.9130{ 16 104L/123L /1141 /118L/105L/126L

5 117 104L 37:57 | 0.9252 | 0.9228-0.9277| 12 104L/123L/114L/118L/105L/126L

5 116 104L 38:02 | 0.9273 | 0.9248-0.9297| 12 104L/123L/1141 /118L/105L/126L 104 200 10 20 10
5 85 104L 38:05| 0.9285 | 0.9265-0.9305| 10 104L/123L/1141 /118L/105L/126L

5 117/116/85 104L 38:00 | 0.9265 | 0.9240-0.9289| 12 104L/123L /1141 /118L/105L/126L

5 110 104L 38:16 | 0.9330 | 0.9309-0.9350{ 10 104L/123L/114L/118L/105L/126L

5 115 104L 38:18 | 0.9338 | 0.9317-0.9358| 10 104L/123L/114L /118L/105L/126L 243 | 1000 24 100 50
5 110/115 104L 38:17 | 0.9334 | 0.9313-0.9354| 10 104L /1231 /1141 /1181 /105L/126L

5 82 104L 38:40 | 0.9427 | 0.9415-0.9439 6 104L/123L/1141 /118L/105L/126L 133 500 13 50 20
5 111 104L 38:52 | 0.9476 | 0.9464-0.9488 6 104L/123L/114L /118L/105L/126L 243 | 1000 24 100 50
5 120 104L 39:21 | 0.9594 | 0.9581-0.9606 6 104L/123L/114L /118L/105L/126L 147 500 15 50 20
5 107 104L 40:39 | 0.9911 | 0.9890-0.9931| 10 104L/123L/114L/118L/105L/126L

5 124 104L 40:40 | 0.9915 | 0.9894-0.9935| 10 104L/123L/114L /118L/105L/126L 200 | 1000 27 100 50
5 107/124 104L 40:39 | 0.9911 | 0.9890-0.9931| 10 104L /1231 /1141 /1181 /105L/126L

5 109 104L 40:54 | 0.9972 | 0.9959-0.9984 6 104L/123L/114L /118L/105L/126L 103 200 10 20 10
5 123 123L 41:02 | 1.0004 | 0.9992-1.0016 6 123L 150 500 15 50 20
5 106 123L 41:10 | 1.0037 | 1.0024-1.0049 6 104L/123L/114L /118L/105L/126L 143 500 14 50 20
5 118 118L 41:22 | 1.0004 | 0.9992-1.0016 6 118L 193 500 19 50 20
5 122 118L 41:49 | 1.0113 | 1.0101-1.0125 6 104L/123L/1141 /118L/105L/126L 117 500 12 50 20
5 114 114L 41:58 | 1.0004 | 0.9992-1.0016 6 114L 120 500 12 50 20
5 105 105L 42:43 ]| 0.9996 | 0.9984-1.0008 6 105L 109 200 11 20 10
5 127 105L 44:09 | 1.0332 | 1.0320-1.0343 6 104L/123L/114L /118L/105L/126L 278 | 1000 28 100 50
5 126 126L 45:58 | 1.0004 | 0.9993-1.0015 6 126L 136 500 14 50 20

L abeled compounds

5 104L 101L 29:46 | 0.8257 | 0.8211-0.8303| 20 101L

5 123L 101L 41:01| 11378 | 1.1331-1.1424| 20 101L

5 118L 101L 41:21| 11470 | 1.1424-1.1516] 20 101L

5 114L 101L 41:57 | 11637 | 1.1590-1.1683| 20 101L

5 105L 101L 42:44 ] 1.1854 | 1.1808-1.1900| 20 101L
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Method 1668, Revision A

Detection limitsand minimum levels -
Matrix and concentr ation®
Water Other Extract
Cl Window (pg/L) (ng/kg) (pg/ul)
No.! IUPAC No. %3 RT Ref* | RTs° | RRT® | RRT limits’ (sec)® Quantitation reference’ EMDL |EML | EMDL [EML| EML
5 126L 101L 4557 | 1.2746 | 1.2700-1.2792| 20 101L
Compoundsusing 138L (**C,,-2,2',3,4,4',5'-HXCB) as L abeled injection internal standard
CB congener
Hexachlor obiphenyls
6 155 155L 35:44 | 1.0000 | 0.9977-1.0023| 10 155L 339 | 1000 34 100 50
6 152 155L 36:07 | 1.0107 | 1.0093-1.0121 6 155L/156L/157L/167L 238 | 1000 24 100 50
6 150 155L 36:15| 1.0145 | 1.0131-1.0159 6 155L/156L/157L/167L 328 | 1000 33 100 50
6 136 155L 36:44 | 1.0280 | 1.0266-1.0294 6 155L/156L/157L/167L 91 200 9 20 10
6 145 155L 37:00 | 1.0354 | 1.0340-1.0368 6 155L/156L/157L/167L 317 | 1000 32 100 50
6 148 155L 34:26 | 1.0756 | 1.0742-1.0770 6 155L/156L/157L/167L 324 | 1000 32 100 50
6 151 155L 39:10 | 1.0961 | 1.0938-1.0984| 10 1551 /156L/157L/167L
6 135 155L 39:17 | 1.0993 | 1.0970-1.1017| 10 155L/156L/157L/167L 112 500 11 50 20
6 154 155L 39:21| 11012 | 1.0989-1.1035| 10 155L/156L/157L/167L
6 151/135/154 155L 39:15] 1.0984 | 1.0961-1.1007| 10 155L/156L/157L/167L
6 144 155L 39:47 | 11133 | 1.1119-1.1147 6 155L/156L/157L/167L 167 500 17 50 20
6 147 155L 40:09] 11236 | 1.1213-1.1259| 10 1551 /156L/157L/167L
6 149 155L 40:12 | 11250 | 1.1227-1.1273| 10 155L/156L/157L/167L 179 500 18 50 20
6 147/149 155L 40:10 | 11241 | 1.1217-1.1264] 10 155L/156L/157L/167L
6 134 155L 40:27] 11320 | 1.1297-1.1343] 10 1551 /156L/157L/167L
6 143 155L 40:30| 11334 | 1.1311-1.1357| 10 155L/156L/157L/167L 134 500 13 50 20
6 134/143 1551 40:29 | 11329 | 1.1306-1.1353| 10 155L/156L/157L/167L
6 139 155L 40:47] 11413 | 1.1390-1.1437] 10 1551 /156L/157L/167L
6 140 155L 40:48| 11418 | 1.1395-1.1441| 10 155L/156L/157L/167L 196 500 20 50 20
6 139/140 155L 40:47 | 11413 | 1.1390-1.1437| 10 155L/156L/157L/167L
6 131 155L 41:03 | 1.1488 | 1.1474-1.1502 6 155L/156L/157L/167L 121 500 12 50 20
6 142 155L 41:13] 11535 | 1.1521-1.1549 6 155L/156L/157L/167L 311 | 1000 31 100 50
6 132 155L 41:36| 11642 | 1.1618-1.1665| 10 155L/156L/157L/167L 125 500 12 50 20
6 133 155L 41:57 | 11740 | 1.1726-1.1754 6 155L/156L/157L/167L 169 500 17 50 20
6 165 1671 42:23] 0.8864 | 0.8853-0.8874 6 155L/156L/157L/167L 361 | 1000 36 100 50
6 146 1671 42:38| 0.8916 | 0.8906-0.8926 6 155L/156L/157L/167L 182 500 18 50 20
6 161 167L 42:47 | 0.8947 | 0.8937-0.8958 6 1551 /156L/157L/167L 352 | 1000 35 100 50
6 153 1671 43:17] 0.9052 | 0.9035-0.9069| 10 1551 /156L/157L/167L
6 168 1671 43:21| 0.9066 | 0.9048-0.9083| 10 155L/156L/157L/167L 130 500 13 50 20
6 153/168 1671 43:19 | 0.9059 | 0.9041-0.9076| 10 155L/156L/157L/167L
6 141 1671 43:34] 0.9111 | 0.9101-0.9122 6 155L/156L/157L/167L 93 200 9 20 10
6 130 1671 44:01 | 0.9205 | 0.9195-0.9216 6 155L/156L/157L/167L 136 500 14 50 20
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Method 1668, Revision A

Detection limits and minimum levels -
Matrix and concentration™
Water Other Extract
Cl Window (pg/L) (ng/kg) (pg/ul)
No.! IUPAC No. %3 RT Ref* | RTs° | RRT® | RRT limits’ (sec)® Quantitation reference’ EMDL |EML | EMDL [EML| EML
6 137 1671 44:14 | 0.9251 | 0.9240-0.9261 6 155L/156L/157L/167L 300 | 1000 30 100 50
6 164 167L 44:22 | 0.9278 | 0.9268-0.9289 6 1551 /156L/157L/167L 136 500 14 50 20
6 138 1671 44:421 0.9348 | 0.9324-0.9373] 14 1551 /156L/157L/167L
6 163 1671 44:42 1 0.9348 | 0.9324-0.9373| 14 155L/156L/157L/167L
6 129 1671 44:47 ] 0.9366 | 0.9341-0.9390| 14 155L/156L/157L/167L 211 500 21 50 20
6 160 1671 44:53 ] 0.9387 | 0.9369-0.9404| 10 155L/156L/157L/167L
6 138/163/129/160 1671 44:47 | 0.9366 | 0.9341-0.9390{ 14 155L/156L/157L/167L
6 158 167L 45:05| 0.9428 | 0.9418-0.9439 6 1551 /156L/157L/167L 96 200 10 20 10
6 166 1671 45:59] 0.9617 | 0.9599-0.9634| 10 1551 /156L/157L/167L
6 128 1671 46:46 | 0.9651 | 0.9634-0.9669| 10 155L/156L/157L/167L 124 500 12 50 20
6 128/166 1671 46:04 | 0.9634 | 0.9617-0.9651| 10 155L/156L/157L/167L
6 159 1671 46:59 | 0.9826 | 0.9815-0.9836 6 155L/156L/157L/167L 348 | 1000 35 100 50
6 162 1671 47:18 | 0.9892 | 0.9881-0.9902 6 155L/156L/157L/167L 355 | 1000 35 100 50
6 167 167L 47:49 | 1.0000 | 0.9990-1.0010 6 155L/156L/157L/167L 115 500 11 50 20
6 156 156L/157L | 49:05 | 0.9993 | 0.9983-1.0003 6 156L/157L
6 157 156L/157L | 49:09 | 1.0007 | 0.9990-1.0024| 10 156L/157L 132 500 13 50 20
6 156/157 156L/157L | 45:07 | 1.0000 | 0.9990-1.0010 6 156L/157L
6 169 169L 52:31| 0.9949 | 0.9940-0.9959 6 169L 161 500 16 50 20
L abeled compounds
6 155L 138L 35:44 | 0.7997 | 0.7960-0.8034| 20 138L
6 167L 138L 47:49 | 1.0701 | 1.0664-1.0739| 20 138L
6 156L 138L 49:05] 1.0985 | 1.0974-1.0996 6 138L
6 157L 138L 49:08 | 1.0996 | 1.0959-1.1033| 20 138L
6 156L/157L 138L 49:07 | 1.0992 | 1.0981-1.1003 6 138L
6 169L 138L 52:30| 1.1749 | 1.1738-1.1761 6 138L
Compounds using 194L (**C,,-2,2',3,3',4,4',5,5'-OcCB) as L abeled injection internal standard
CB congener
Heptachlor obiphenyls
7 188 188L 41:51| 1.0000 | 0.9988-1.0012 6 188L 235 500 23 50 20
7 179 188L 42:19] 1.0112 | 1.0100-1.0123 6 188L/189L 229 500 23 50 20
7 184 188L 42:45] 1.0215 | 1.0203-1.0227 6 188L/189L 403 | 1000 40 100 50
7 176 188L 43:15] 1.0335 | 1.0323-1.0346 6 188L/189L 385 | 1000 39 100 50
7 186 188L 43:45] 1.0454 | 1.0442-1.0466 6 188L/189L 407 | 1000 41 100 50
7 178 188L 45:06 | 1.0777 | 1.0765-1.0789 6 188L/189L 221 500 22 50 20
7 175 188L 45:46 | 1.0936 | 1.0924-1.0948 6 188L/189L 383 | 1000 38 100 50
7 187 188L 46:02 | 1.1000 | 1.0988-1.1012 6 188L/189L 191 500 19 50 20
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Method 1668, Revision A

Detection limits and minimum levels -
Matrix and concentration'®
Water Other Extract
Cl Window (pg/L) (ng/kg) (pg/ul)
No.! IUPAC No. 2® RT Ref* | RTs° | RRT® RRT limits’ (sec)? Quantitation reference’ EMDL |EML | EMDL |[EML| EML

7 182 188L 46:14 | 1.1047 1.1035-1.1059 6 188L/189L 398 1000 40 100 50
7 183 188L 46:42 | 1.1159 1.1147-1.1171 6 188L/189L

7 185 188L 46:53 | 1.1203 1.1191-1.1215 6 188L/189L 401 1000 40 100 50
7 183/185 188L 46:47 | 1.1179 1.1167-1.1191 6 188L/189L

7 174 188L 47:02 | 1.1239 1.1227-1.1251 6 188L/189L 186 500 19 50 20
7 177 188L 47:30 | 1.1350 | 1.1338-1.1362 6 188L/189L 141 500 14 50 20
7 181 188L 47:52 | 1.1438 1.1426-1.1450 6 188L/189L 396 1000 40 100 50
7 171 188L 48:10 | 1.1509 1.1489-1.1529| 10 188L/189L

7 173 188L 48:11 | 1.1513 1.1501-1.1525 6 188L/189L 374 1000 37 100 50
7 171/173 188L 48:10 | 1.1509 1.1489-1.1529| 10 188L/189L

7 172 189L 49:47 | 0.9035 | 0.9026-0.9044 6 188L/189L 377 1000 38 100 50
7 192 189L 50:06 | 0.9093 | 0.9083-0.9102 6 188L/189L 420 1000 42 100 50
7 193 189L 50:26 | 0.9153 | 0.9144-0.9162 6 188L/189L

7 180 189L 50:27 | 0.9156 | 0.9147-0.9165 6 188L/189L 136 500 14 50 20
7 180/193 189L 50:26 | 0.9153 | 0.9144-0.9162 6 188L/189L

7 191 189L 50:51 | 0.9229 | 0.9220-0.9238 6 188L/189L 418 1000 42 100 50
7 170 189L 51:54 | 0.9419 | 0.9410-0.9428 6 188L/189L 162 500 16 50 20
7 190 189L 52:26 | 0.9516 | 0.9507-0.9525 6 188L/189L 234 500 23 50 20
7 189 189L 55:07 | 1.0003 | 0.9994-1.0012 6 189L 177 500 18 50 20

Octachlorabiphenyls

8 202 202L 47:32 | 1.0004 | 0.9986-1.0021| 10 202L 442 1000 44 100 50
8 201 202L 48:31| 1.0210 | 1.0193-1.0228| 10 202L/205L 440 1000 44 100 50
8 204 202L 49:11 | 1.0351 1.0340-1.0361 6 202L/205L 447 1000 45 100 50
8 197 202L 49:27 | 1.0407 1.0396-1.0417 6 202L/205L

8 200 202L 49:40 | 1.0452 1.0442-1.0463 6 202L/205L 245 1000 25 100 50
8 197/200 202L 49:33 | 1.0428 1.0417-1.0438 6 2021 /205L

8 198 202L 52:30 | 1.1049 1.1031-1.1066| 10 202L/205L

8 199 202L 52:32 | 1.1056 1.1045-1.1066 6 202L/205L 203 500 20 50 25
8 198/199 202L 52:31 | 1.1052 1.1035-1.1070| 10 202L/205L

8 196 205L 53:13 | 0.9207 | 0.9198-0.9216 6 202L/205L 429 1000 43 100 50
8 203 205L 53:26 | 0.9245 | 0.9236-0.9253 6 202L/205L 444 1000 44 100 50
8 195 205L 54:55 | 0.9501 | 0.9493-0.9510 6 202L/205L 427 1000 43 100 50
8 194 205L 57:19 | 0.9916 | 0.9908-0.9925 6 202L/205L 170 500 17 50 20
8 205 205L 57:49 | 1.0003 | 0.9994-1.0012 6 205L 449 1000 45 100 50

Nonachlor obiphenyls
9 208 | 208L [54:33] 1.0003 | 0.9994-1.0012] 6 208L 455 [1000] 46 [100] 50
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Method 1668, Revision A

Detection limitsand minimum levels -
Matrix and concentr ation®
Water Other Extract
Cl Window (pg/L) (ng/kg) (pg/ul)
No.!| 1UPAC No.?? RT Ref* | RT$ | RRT® | RRT limits’ | (sec)® Quantitation refer ence’ EMDL [EML | EMDL [EML| EML
9 207 208L [55:32] 1.0183 | 1.0174-1.0193] 6 208L/206L 453 1000 45 [100]| 50
9 206 206L [59:37] 1.0003 | 0.9994-1.0011] 6 206L 451 1000 45 [100]| 50
Decachlor obiphenyl
10 | 209 | 209L [61:15]1.0003 [ 0.9995-1.0011] 6 ] 209L | 153 [ 500 [ 15 [50 ] 20
L abeled compounds
7 188L 194L  [41:51] 0.7304 | 0.7275-0.7333] 20 194L
7 180L 194L  [50:27 0.8805 | 0.8775-0.8834] 20 194L
7 170L 194L  [51:53] 0.9055 | 0.9026-0.9084] 20 194L
7 189L 194L  [55:06| 0.9616 | 0.9587-0.9645] 20 194L
8 202L 194L  [47:31] 0.8293 | 0.8264-0.8322] 20 194L
8 205L 194L  [57:48] 1.0087 | 1.0044-1.0131] 30 194L
9 208L 194L  [54:32] 0.9517 | 0.9488-0.9546] 20 194L
9 206L 194L  [59:36| 1.0401 | 1.0358-1.0445] 30 194L
10 209L 194L  [61:14] 1.0686 | 1.0643-1.0730] 30 194L
L abeled clean-up standards
3 28L 52L  [26:44] 0.9266 | 0.9209-0.9324] 20 52L
5 1111 101L  [38:51] 1.0777 | 1.0730-1.0823] 20 101L
7 178L 138L  [45:05] 1.0090 | 1.0052-1.0127] 20 138L
Labeled injection internal standards
2 oL 138L  [18:54] 0.4648 | 0.4596-0.4699] 25 178L
4 52L 138L  [28:51] 0.7094 | 0.7043-0.7145] 25 178L
5 101L 138L  [36:03]| 0.8865 | 0.8814-0.8916] 25 178L
6 138L 138L  [44:41] 1.0988 | 1.0783-1.1193] 100 178L
8 194L 138L  [57:18] 1.4090 | 1.4039-1.4141] 25 178L
1. Number of chlorines on congener.
2. Suffix "L" indicates labeled compound.
3. Multiple congenersin a box indicates a group of congeners that co-elute or may not be adequately resolved on a 30-m SPB-
Octyl column. Congenersincluded in the group are listed as the last entry in the box.
4, Retention time reference that is used to locate target congener.
5. Retention time of target congener.
6. RRT between the RT for the congener and RT for the reference.
7. Nominal limits based on an + 0.5% of the RRT, adjusted for the nearest eluted isomer.
8. RT window width for congener or group of two or more congeners.
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9. Labeled congeners that form the quantitation reference. Areas from the exact m/z's of the congeners listed in the quantitation
reference are summed, and divided by the number of congenersin the quantitation reference. For example, for congener 10, the
areas at the exact m/z'sfor 4L and 15L are summed and the sum is divided by 2 (because there are 2 congenersin the
guantitation reference).

10. EMDLs and EMLs with common laboratory interferences present. Without interferences, EMDLs and EMLs will be,
respectively, 5 and 10 pg/L for agueous samples, 0.5 and 1.0 ng/kg for soil, tissue, and mixed-phase samples, and EMLs for
extracts will be 0.5 pg/uL.
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Table 3. Concentrations of native and labeled chlorinated biphenyls in stock solutions, spiking
solutions, and final extracts

Solution concentrations
Stock Spiking Extract

CB congener (nwg/mL) (ng/mL) | (ng/mL)

Native Toxics/L OC*
1 20 1.0 50
3 20 1.0 50
4 20 1.0 50
15 20 1.0 50
19 20 1.0 50
37 20 1.0 50
54 20 1.0 50
77 20 1.0 50
81 20 1.0 50
104 20 1.0 50
105 20 1.0 50
114 20 1.0 50
118 20 1.0 50
123 20 1.0 50
126 20 1.0 50
155 20 1.0 50
156 20 1.0 50
157 20 1.0 50
167 20 1.0 50
169 20 1.0 50
188 20 1.0 50
189 20 1.0 50
202 20 1.0 50
205 20 1.0 50
206 20 1.0 50
208 20 1.0 50
209 20 1.0 50

Native congener mix stock solutions’
MoCB thru TrCB 2.5
TeCB thru HpCB 5.0
OcCB thru DeCB 7.5

L abeled Toxics/L OC/window-defining®
1L 1.0 2.0 100
3L 1.0 2.0 100
AL 1.0 2.0 100
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Solution concentrations

Stock Spiking Extract
CB congener (nwg/mL) (ng/mL) | (ng/mL)
15L 1.0 2.0 100
19L 1.0 2.0 100
37L 1.0 2.0 100
54L 1.0 2.0 100
77L 1.0 2.0 100
81L 1.0 2.0 100
104L 1.0 2.0 100
105L 1.0 2.0 100
1141 1.0 2.0 100
118L 1.0 2.0 100
123L 1.0 2.0 100
126L 1.0 2.0 100
1551 1.0 2.0 100
156L 1.0 2.0 100
1571 1.0 2.0 100
167L 1.0 2.0 100
169L 1.0 2.0 100
188L 1.0 2.0 100
189L 1.0 2.0 100
202L 1.0 2.0 100
205L 1.0 2.0 100
206L 1.0 2.0 100
208L 1.0 2.0 100
209L 1.0 2.0 100
L abeled clean-up*
28L 1.0 2.0 100
1111 1.0 2.0 100
178L 1.0 2.0 100
L abeled injection internal®
oL 5.0 1000 100
52L 5.0 1000 100
101L 5.0 1000 100
138L 5.0 1000 100
194L 5.0 1000 100
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Diluted combined 209 congener®

Solution concentration (wg/mL)
Standard Native Labeled
Native congeners

MoCB thru TrCB 50
TeCB thru HpCB 100
OcCB thru DeCB 150

L abeled Toxicy/L OC/window-defining 100

Labeled Cleanup 100

Labeled Injection internal 100

Stock solution: Section 7.8.1; Spiking solution: Section 7.11
Section 7.8.1.2

Stock solution: Section 7.9.1; Spiking solution: Section 7.12
Stock solution:  Section 7.9.2; Spiking solution: Section 7.13
Stock solution: Section 7.9.3; Spiking solution: Section 7.14
Section 7.10.2.2.2

o~ wdE
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Table4. Composition of individual native CB congener solutions'

Solution identifier

A2 B2 | C2 | D2 E2
Accu-Standard part number
M-1668A-1 M-1668A-2 | M-1668A-3 M-1668A-4 M-1668A-5
2 7 13 25 1
10 5 17 21 3
9 12 29 69 4
6 18 20 47 15
8 24 46 42 19
14 23 65 64 16
11 28 59 70 37
30 22 40 102 54
27 39 67 97 43
32 53 76 115 44
34 51 80 123 74
26 73 93 134 56
31 48 84 131 77
33 62 101 163 104
36 71 112 180 98
38 68 86 125
35 58 116 110
50 61 109/107 126
45 55 154 155
52 60 147 138
49 94 140 169
75 100 146 188
41 91 141 189
72 121 164 202
57 90 158 205
63 99 182 208
66 108/109 174 206
79 117 173 209
78 111 193
81 107/108
96 118
103 114
95 150
88 145
89 135
92 149
113 139
83 132
119 165
87 168
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Solution identifier

A2 | B2 | C2 | D2 | E2

Accu-Standard part number

M-1668A-1 M-1668A-2 | M-1668A-3 M-1668A-4 M-1668A-5

85 137

82 160

120 128

124 162

106 157

122 184

105 186

127 187

152 185

136 181

148 192

151 197

144 199/201

143 203

142

133

161

153

130

129

166

159

167

156

179

176

178

175

183

177

171

172

191

170

190

201/200

204

200/199

198

196

195

194
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Solution identifier

A2 B2 | C2 | D2 E2
Accu-Standard part number
M-1668A-1 M-1668A-2 | M-1668A-3 M-1668A-4 M-1668A-5
207
Totals
83 54 29 15 28
1 Congeners present in each standard listed in elution order for each level of chlorination. ITUPAC

number listed first; BZ number listed second where ambiguous. See Table 3 for concentrations of
congenersin stock solutions and Table 5 for concentrations in calibration standard.
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Table5. Concentration of CB congenersin calibration and calibration verification standards

Solution concentration (ng/mL)

CS0.2 CS3
CB congener IUPAC! (Hi seng)?| CS-1 CS2 | (VER) | CS4 CS5
Native Toxics/LOC
2-MoCB 1 0.2 1.0 5.0 50 400 2000
4-MoCB 3 0.2 1.0 5.0 50 400 2000
2,2-DiCB 4 0.2 1.0 5.0 50 400 2000
4,4-DiCB 15 0.2 1.0 5.0 50 400 2000
2,2,6-TrCB 19 0.2 1.0 5.0 50 400 2000
3,4,4-TrCB 37 0.2 1.0 5.0 50 400 2000
2,2',6,6-TeCB 54 0.2 1.0 5.0 50 400 2000
3,3,4,4-TeCB 77 0.2 1.0 5.0 50 400 2000
3,4,4'5-TeCB 81 0.2 1.0 5.0 50 400 2000
2,2,4,6,6'-PeCB| 104 0.2 1.0 5.0 50 400 2000
2,3344-PeCB| 105 0.2 1.0 5.0 50 400 2000
2,344 5PeCB| 114 0.2 1.0 5.0 50 400 2000
2,344 5-PeCB| 118 0.2 1.0 5.0 50 400 2000
2,344 5PeCB| 123 0.2 1.0 5.0 50 400 2000
3,3,44'5-PeCB| 126 0.2 1.0 5.0 50 400 2000
2,2,44,6,6-HxCB| 155 0.2 1.0 5.0 50 400 2000
2,3344' 5-HxCB| 156 0.2 1.0 5.0 50 400 2000
2,3344 5-HxCB| 157 0.2 1.0 5.0 50 400 2000
2,344 55-HxCB| 167 0.2 1.0 5.0 50 400 2000
3,344 55-HxCB| 169 0.2 1.0 5.0 50 400 2000
2,2,3456,6-HpCB| 188 0.2 1.0 5.0 50 400 2000
233,44 55-HpCB| 189 0.2 1.0 5.0 50 400 2000
2,2,3,3,5,5,6,6-0OcCB| 202 0.2 1.0 5.0 50 400 2000
2,33,4455,6-OcCB| 205 0.2 1.0 5.0 50 400 2000
2,2,33,4,4'55,6-NoCB| 206 0.2 1.0 5.0 50 400 2000
2,2,33,455,6,6-NoCB| 208 0.2 1.0 5.0 50 400 2000
DeCB| 209 0.2 1.0 5.0 50 400 2000
Labeled Toxics/L OC/window-defining
13C,,-2-MoCB 1L 100 100 100 100 100 100
3C,,-4-MoCB 3L 100 100 100 100 100 100
3C,-2,2-DiCB a 100 100 100 100 100 100
3C,-4,4-DiCB| 15L 100 100 100 100 100 100
BC,-2,2,6-TrCB| 19L 100 100 100 100 100 100
BC,-3,4,4-TrCB| 37L 100 100 100 100 100 100
B3C,-2,2',6,6-TeCB| 54L 100 100 100 100 100 100
B3C,-3,3,4,4-TeCB| 77L 100 100 100 100 100 100
3C,-3,4,4'5-TeCB| 81L 100 100 100 100 100 100
13C,-2,2',4,6,6-PeCB| 104L 100 100 100 100 100 100
13C,-2,3,3,4,4-PeCB| 105L 100 100 100 100 100 100
BC,-2,34,4 5-PeCB| 114L 100 100 100 100 100 100
B3C,-2,3,4,4 5-PeCB| 118L 100 100 100 100 100 100
BC,-2,3,4,4 ,5-PeCB| 123L 100 100 100 100 100 100
13C,-3,3,4,4 ,5-PeCB| 126L 100 100 100 100 100 100
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Solution concentration (ng/mL)

CS0.2 CS3
CB congener IUPAC! (Hi seng)?| CS1 CS2 | (VER) | CS4 CS5
BC,-2,2',4,4'6,6'-HxCB| 155L 100 100 100 100 100 100
B3C,-2,3,34,4' 5-HXCB| 156L 100 100 100 100 100 100
B3C,-2,3,34,4'5-HxCB| 157L 100 100 100 100 100 100
BC,-2,3,4,4' 55-HxCB| 167L 100 100 100 100 100 100
B3C,-3,3,4,4'5,5-HxCB| 169L 100 100 100 100 100 100
B3C,-2,2',3,4',5,6,6-HpCB| 188L 100 100 100 100 100 100
3C,-2,3,3,4,4',5,5-HpCB| 189L 100 100 100 100 100 100
3C,-2,2',3,3,5,5,6,6'-OcCB| 202L 100 100 100 100 100 100
13C,-2,3,3,4,4',5,5,6-OcCB| 205L 100 100 100 100 100 100
13C,-2,2',3,3,4,4,5,5,6-NoCB| 206L 100 100 100 100 100 100
BC,-2,2',3,3,4',5,5,6,6-NoCB| 208L 100 100 100 100 100 100
13C,,-DeCB| 209L 100 100 100 100 100 100
Labeled clean-up
BC,-2,4,4-TrCB| 28L 100 100 100 100 100 100
13C,-2,3,3,5,5-PeCB| 111L 100 100 100 100 100 100
3C,-2,2',3,3,5,5,6-HpCB| 178L 100 100 100 100 100 100
Labeled injection inter nal
3C,-2,5-DiCB 9L 100 100 100 100 100 100
B3C,-2,25,5-TeCB| 52L 100 100 100 100 100 100
B3C,-2,2',4'5,5-PeCB| 101L 100 100 100 100 100 100
B3C,-2,2',3,4,4' 5-HxCB| 138L 100 100 100 100 100 100
B3C,-2,2',3,3,4,4 ,5,5-0cCB| 194L 100 100 100 100 100 100

1 Suffix "L" indicates |abeled compound

2. Additional concentration used for calibration of high sensitivity HRGC/HRMS systems
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Table 6. QC acceptance crtiteria for chlorinated biphenylsin VER, IPR, OPR, and samples'

L abeled compound
IUPAC Test conc VER* IPR OPR recovery in samples
Congener number? (ng/mL )3 (%) RSD (%) X (%) (%) (%)

2-MoCB 1 50 70-130 40 60-140 50-150
4-MoCB 3 50 70-130 40 60-140 50-150
2,2-DiCB 4 50 70-130 40 60-140 50-150
4,4-DiCB 15 50 70-130 40 60-140 50-150
2,2'6-TrCB 19 50 70-130 40 60-140 50-150
3,4,4-TrCB 37 50 70-130 40 60-140 50-150
2,26,6TeCB 54 50 70-130 40 60-140 50-150
3,3,4,4-TeCB 77 50 70-130 40 60-140 50-150
3,4,4',5-TeCB 81 50 70-130 40 60-140 50-150
2,2',4,6,6'-PeCB 104 50 70-130 40 60-140 50-150
2,3,3,4,4-PeCB 105 50 70-130 40 60-140 50-150
2,3,4,4'5-PeCB 114 50 70-130 40 60-140 50-150
2,344 5-PeCB 118 50 70-130 40 60-140 50-150
2,344 5-PeCB 123 50 70-130 40 60-140 50-150
3,3,4,4'5-PeCB 126 50 70-130 40 60-140 50-150
2,2'4,4,6,6-HxCB 155 50 70-130 40 60-140 50-150
2,3,3,4,4 5-HxCB® 156 50 70-130 40 60-140 50-150
2,3,3,4,4 5-HxCB® 157 50 70-130 40 60-140 50-150
2,344 55-HxCB 167 50 70-130 40 60-140 50-150
3,3,4,4,5,5-HxCB 169 50 70-130 40 60-140 50-150
2,2,3,4,5,6,6-HpCB 188 50 70-130 40 60-140 50-150
2,3,3,4,4' 55-HpCB 189 50 70-130 40 60-140 50-150
2,2,3,3,5,5,6,6-0OcCB 202 50 70-130 40 60-140 50-150
2,3,3,4,4,55,6-OcCB 205 50 70-130 40 60-140 50-150
2,2.3,3,44'5,5,6-NoCB 206 50 70-130 40 60-140 50-150
2,2,3,3,/45,55,6,6'-NoCB 208 50 70-130 40 60-140 50-150
DeCB 209 50 70-130 40 60-140 50-150

3C,,-2-MoCB 1L 100 50-150 50 35-135 30-140 25-150

3C,,-4-MoCB 3L 100 50-150 50 35-135 30-140 25-150

3C,,-2,2-DiCB a 100 50-150 50 35-135 30-140 25-150

3C,,-4,4-DiCB 15L 100 50-150 50 35-135 30-140 25-150

B3C,-2,2',6-TrCB 19L 100 50-150 50 35-135 30-140 25-150

3C,,-3,4,4-TrCB 37L 100 50-150 50 35-135 30-140 25-150

3C,-2,2',6,6-TeCB 54L 100 50-150 50 35-135 30-140 25-150

13C12-3,3,4,4-TCB 77L 100 50-150 50 35-135 30-140 25-150

3C,,-3,4,4',5-TeCB 81L 100 50-150 50 35-135 30-140 25-150
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L abeled compound

IUPAC Test conc VER* IPR OPR recovery in samples
Congener number? (ng/mL )3 (%) RSD (%) X (%) (%) (%)
B3C.,-2,2',4,6,6'-PeCB 104L 100 50-150 50 35-135 30-140 25-150
B3C,-2,3,3,4,4-PeCB 105L 100 50-150 50 35-135 30-140 25-150
B3C,-2,3,4,4,5-PeCB 114L 100 50-150 50 35-135 30-140 25-150
B3C,-2,3,4,4 5-PeCB 118L 100 50-150 50 35-135 30-140 25-150
B3C,-2',3,4,4 ,5-PeCB 123L 100 50-150 50 35-135 30-140 25-150
3C.,-3,3,4,4' ,5-PeCB 126L 100 50-150 50 35-135 30-140 25-150
B3C,-2,2',4,4 6,6'-HxCB 155L 100 50-150 50 35-135 30-140 25-150
3C,-2,3,3,4,4',5 -HXCB® 156L 100 50-150 50 35-135 30-140 25-150
3C,-2,3,3,4,4',5'-HXCB® 1571 100 50-150 50 35-135 30-140 25-150
B3C,-2,3,4,4 5,5-HxCB 1671 100 50-150 50 35-135 30-140 25-150
3C.,-3,3,4,4' 5,5-HxCB 169L 100 50-150 50 35-135 30-140 25-150
B3C,-2,2',3,4,5,6,6-HpCB 188L 100 50-150 50 35-135 30-140 25-150
3C,-2,3,3,4,4,55-HpCB 189L 100 50-150 50 35-135 30-140 25-150
B3C,-2,2',3,3,5,5,6,6-OcCB 2021 100 50-150 50 35-135 30-140 25-150
3C,-2,3,3,4,4',5,5,6-OcCB 205L 100 50-150 50 35-135 30-140 25-150
B3C,-2,2,3,3,4,4,5,5,6-NoCB 206L 100 50-150 50 35-135 30-140 25-150
B3C,-2,2',3,3,4,5,5,6,6-NoCB 208L 100 50-150 50 35-135 30-140 25-150
B8C,-2,2,3,3,4,4,5,5,6,6-DeCB 209L 100 50-150 50 35-135 30-140 25-150
Cleanup standard
B3C,-2,4,4-TrCB 28L 100 60-130 45 45-120 40-125 30-135
53C.,-2,3,3,5,5-PeCB 111 100 60-130 45 45-120 40-125 30-135
8C,-2,2',3,3,5,5,6-HpCB 178L 100 60-130 45 45-120 40-125 30-135

S A

See Table 5.
Section 15.3.

PCBs 156 and 157 are tested as the sum of two concentrations

QC acceptance criteriafor IPR, OPR, and samples based on a 20 nL extract final volume
Suffix "L" indicates |abeled compound.
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Table 7. Scan descriptors, levels of chlorination, m/z information, and substances monitored by

HRGC/HRMS

Function and

chlorinelevel m/z m/z type m/z formula Substance

Fn-1; Cl-1 188.0393 M 2c, H, *Cl Cl-1CB
190.0363 M+2 2C,, Hy ¥Cl Cl-1CB
200.0795 M 3C,, Hy *Cl 3C, Cl-1CB
202.0766 M+2 13C_, Hq Cl 3c, Cl-1CB
218.9856 lock C,F PFK

Fn-2; Cl-2,3 222.0003 M 2C,, Hy 3Cl, Cl-2 PCB
223.9974 M+2 2C,, Hy 3C1 ¥ Cl Cl-2 PCB
225.9944 M+4 2C,, Hy ¥'Cl, Cl-2 PCB
234.0406 M 13C,, Hg *Cl, 3C,, ClI-2PCB
236.0376 M+2 1B3C,, Hy ¥C1 ¥ Cl Bc,, Cl-2 PCB
242.9856 lock CF PFK
255.9613 M 2C, H, *Cl, Cl-3 PCB
257.9584 M+2 2C,, H, *Cl, *Cl Cl-3 PCB

Fn-3 255.9613 M 2C, H, *Cl, Cl-3 PCB

Cl-34,5 257.9584 M+2 2c,, H,%Cl, ¥Cl Cl-3PCB
259.9554 M+4 2c,, H, ¥Cl¥Cl, Cl-3PCB
268.0016 M BC, H, *Cl, 3C,, Cl-3PCB
269.9986 M+2 13C,, H, *Cl, *Cl 3C,, Cl-3PCB
280.9825 lock CsFu PFK
289.9224 M 2C,, Hy ®Cl, Cl-4 PCB
291.9194 M+2 2C,, H, 3Cl, ¥Cl Cl-4 PCB
293.9165 M+4 2c,, H, ®Cl, ¥Cl, Cl-4 PCB
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Function and
chlorinelevel m/z m/z type m/z formula Substance
301.9626 M B3C, He *Cl, 3C,, Cl-4PCB
303.9597 M+2 B3C,, Hg *Cl; *'Cl 3C,, Cl-4PCB
323.8834 M 2C,, H5 *Cl Cl-5 PCB
325.8804 M+2 2C, H5*Cl,*Cl Cl-5 PCB
327.8775 M+4 2c,H5%Cl,¥Cl, |cl-5PCB
337.9207 M+2 BC, H5*Cl,*Cl 3C,, Cl-5PCB
339.9178 M+4 BC,, H5*Cl,¥'Cl, 3C,, Cl-5PCB
Fn-4 289.9224 M 2C,, H, ®Cl, Cl-4 PCB
Cl-4,5,6 291.9194 M+2 2C,, H, 3Cl, ¥Cl Cl-4 PCB
293.9165 M+4 2c,, H, ®Cl, ¥Cl, Cl-4 PCB
301.9626 M+2 B3C,, Hg *Cl; *'Cl 3C,, Cl-4PCB
303.9597 M+4 B3C, Hg *Cl, ¥Cl, 3C,, Cl-4PCB
323.8834 M 2C, Hs *Clg Cl-5 PCB
325.8804 M+2 2C,, Hs *Cl, *'Cl Cl-5 PCB
327.8775 M+4 2c,, H ®Cl, ¥Cl, Cl-5 PCB
330.9792 lock C, Fis PFK
337.9207 M+2 13C,, H, ®Cl, ¥'Cl 3c,, Cl-5PCB
339.9178 M+4 13C,, Hs *Cl; ¥'Cl, 3C,, Cl-5PCB
359.8415 M+2 13C, H, *Cl;*Cl Cl-6 PCB
361.8385 M+4 B3C, H, *Cl,*Cl, Cl-6 PCB
363.8356 M+6 BC, H, *Cl;¥Cl, Cl-6 PCB
371.8817 M+2 13C, H, *Cl;*Cl 3C,, Cl-6 PCB
373.8788 M+4 B3C, H, *Cl,*Cl, 3C,, Cl-6 PCB
Fn-5 323.8834 M 2C, Hs *Clg Cl-5 PCB
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Function and
chlorinelevel m/z m/z type m/z formula Substance
Cl-5,6,7 325.8804 M+2 2C,, Hs *Cl, *'Cl Cl-5 PCB
327.8775 M+4 2c,, Hs ®Cl, ¥Cl, Cl-5 PCB
337.9207 M+2 13C,, H, *Cl, ¥Cl 3c,, Cl-5PCB
339.9178 M+4 13C,, Hs *Cl; ¥'Cl, 3C,, Cl-5PCB
354.9792 lock CoFis PFK
359.8415 M+2 2C, H, *Cl;*Cl Cl-6 PCB
361.8385 M+4 2C, H, *Cl,*Cl, Cl-6 PCB
363.8356 M+6 2C, H, *Cl;¥Cl, Cl-6 PCB
371.8817 M+2 B3C, H, *Cl;*Cl 3C,, Cl-6 PCB
373.8788 M+4 B3C, H, *Cl,*Cl, 3C,, Cl-6 PCB
393.8025 M+2 2C,, H, *Cl *'Cl Cl-7 PCB
395.7995 M+4 2c,, H, ®Cl, ¥Cl, Cl-7 PCB
397.7966 M+6 2C, H;*Cl,¥Cl, Cl-7 PCB
405.8428 M+2 13C,, H, ¥Cl, ¥'Cl Bc,, Cl-7PCB
407.8398 M+4 B3C, H; *Cl;¥Cl, 3C,, CI-7PCB
454.9728 QC C,Fp PFK
Fn-6 393.8025 M+2 2C,, H, *Cl *'Cl Cl-7 PCB
Cl-7,8,9,10 395.7995 M+4 2C,, H, *Cl; ¥'Cl, Cl-7 PCB
397.7966 M+6 2C, H;*Cl, ¥Cl, Cl-7 PCB
405.8428 M+2 13C,, H, *Cl, ¥'Cl 3c,, Cl-7PCB
407.8398 M+4 B3C,, H; *Cl;¥Cl, 3C,, CI-7PCB
427.7635 M+2 2C,, H, *Cl, *Cl Cl-8 PCB
429.7606 M+4 2C,, H, *Cl ¥'Cl, Cl-8 PCB
431.7576 M+6 2C, H, *Cl;¥Cl, Cl-8 PCB
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Function and

chlorinelevel m/z m/z type m/z formula Substance
439.8038 M+2 13C,, H, *Cl, *Cl 3C,, Cl-8 PCB
441.8008 M+4 13C,, H, *Cl; ¥'Cl, 3C,, Cl-8PCB
442.9728 QC Cyo Fus PFK
454.9728 lock Cy, Fus PFK
461.7246 M+2 2C,, H, *Clg *'Cl Cl-9 PCB
463.7216 M+4 2c, H, ®Cl,¥Cl, Cl-9 PCB
465.7187 M+6 2C, H, *Cl;¥'Cl, Cl-9 PCB
473.7648 M+2 13C,, H, *Clg *'Cl 3C,, Cl-9PCB
475.7619 M+4 13C,, H, *Cl, ¥Cl, 3C,, Cl-9PCB
495.6856 M+2 13C, H, *Cl,*Cl Cl-10 PCB
497.6826 M+4 2C, *Cly ¥, Cl-10 PCB
499.6797 M+6 2C, *Cl, ¥, Cl-10 PCB
507.7258 M+2 3C,, H, *Cl, *Cl C,, Cl-10 PCB
509.7229 M+4 BC, H, *Clg¥Cl, C,, Cl-10 PCB
511.7199 M+6 BC, H,*Clg¥Cl, C,, Cl-10 PCB

1. Isotopic masses used for accurate mass calculation

H

12C
13C
*Cl
e
19F

1.0078
12.0000
13.0034
34.9689
36.9659
18.9984
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Table8. Theoretical ion abundance ratios and QC limits

Chlorineatoms | m/zZsformingratio | Theoretical ratio | Lower QC limit | Upper QC limit
1 m/m+2 3.13 2.66 3.60
2 m/(m+2) 1.56 133 1.79
3 m/(m+2) 1.04 0.88 1.20
4 m/(m+2) 0.77 0.65 0.89
5 (M+2)/(m+4) 1.55 1.32 1.78
6 (M+2)/(m+4) 1.24 1.05 1.43
7 (M+2)/(m+4) 1.05 0.89 1.21
8 (M+2)/(m+4) 0.89 0.76 1.02
9 (M+2)/(m+4) 0.77 0.65 0.89

10 (M+2)/(m+4) 0.69 0.59 0.79
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Table9. Suggested Sample Quantities to be Extracted for Various Matrices'

Per cent Quantity
Sample matrix? Example solids Phase extracted
Single-phase
Aqueous Drinking water
Groundwater <1 3 1000 mL
[Treated wastewater
Solid Dry soil
Compost >20 Solid 109
Ash
Organic Waste solvent
Waste oil <1 Organic 10g
Organic polymer
Tissue Fish .
Human adipose B Organic 109
Multi-phase
Liquid/Solid
Aqueous/Solid Wet soil
Untreated effluent
Digested municipal sludge 1-30 Solid 10g
Filter cake
Paper pulp
Organic/solid Industrial sludge
Gily waste 1-100 Both 10g
Liquid/Liquid
Aqueous/organic I n-process effluent
Untreated effluent <1 Organic 10g
Drum waste
IAqueous/organic/solid Untreated effluent >1 Organic & solid 10g
Drum waste

1. Thequantity of sample to be extracted is adjusted to provide 10 g of solids (dry weight). One liter of agueous
samples containing one percent solids will contain 10 grams of solids. For agueous samples containing
greater than one percent solids, alesser volume is used so that 10 grams of solids (dry weight) will be

extracted.

2. The sample matrix may be amorphous for some samples. In general, when the CBs are in contact with a

multi-phase system in which one of the phases is water, they will be preferentially dispersed in or adsorbed on
the alternate phase because of their low solubility in water.

3. Aqueous samples are filtered after spiking with the labeled compounds. The filtrate and the materials trapped
on the filter are extracted separately, and the extracts are combined for cleanup and analysis.
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Determine % solids
§11.2

Y

Determine particle size
§11.3

Prep per § 11.5 %?(l)'%sglllo‘/;; Prep per § 11.4
Y Y
Spike Labeled Toxics/LOC Spike Labeled Toxics/LOC
window-definers per window-definers per
§115.2.2 §114.2.2
Y

Extract per § 12.2.1,
§12.2.2,0r812.2.3

Particle
size >1 mm?
(from 811.3)

Grind per 8§ 11.7
Y
SDS extraction | Spike Cleanup standard per
per §12.3 - §1251 —i
Y Concentrate per
Back extract per §126-8127
§125 ¢
Clean up per
Y §13.2-§13.5,0r §13.7
Transfer through ¢
Na,SO, per §12.5.6
Concentrate per
812.6-812.7

Spike injection internal
standard per § 14.2

v

Analyze per
§14-818

SCC-99-020

Figure 1 Flow Chart for Analysis of Aqueous and Solid Samples
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Aqueous

Determine % solids
per § 11.2

Y

Determine particle size
per § 11.3

Y
Spike Labeled Toxics/LOC
window-definers per §
11.6.2

Y

Pressure filter aliquot per
§11.6.2

A

Discard

Figure 2 Flow Chart for Analysis of Multi-Phase Samples

Non-aqueous (organic)

Solids

Particle
size <1 mm?

No

v

Reserve 10g or
amount up to

(from § 11.3)

Grind per § 11.7

SDS extract per
§123

1L, whicheveris
less

Y

Spike Cleanup standard per
§125.1

Y

Back extract
per § 12.5

A

Transfer through
NaZSO4' per12.5.6

Concentrate per
§126-8§12.7

Y

Clean up per
§13.2-8135, §13.7

Y

Concentrate per
§126-8127

Y

Spike injection internal
standard per § 14.2

Y

Analyze per
§14-8§18

SCC-99-018
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Homogenize tissue
per §11.8.1

!

Remove 10 g
per§11.8.1.4

!

Spike Labeled Toxics/LOC
window-definers per § 11.8.3

!

Soxhlet extract
per § 12.4

!

Concentrate to dryness
per§12.4.7-812.4.38

!

Determine % lipids per
§124.9

'

Redissolve in n-Cg and spike
cleanup standard
per§12.4.9.1

v

Remove lipids per
§13.6

v

Concentrate per
§12.6-812.7

v

Clean up per
§13.2-8135,813.7

'

Concentrate per
§12.6-812.7

v

Spike injection internal
standard per § 14.2

v

Analyze per § 14 - §18

SCC-99-019

Figure 3 Flow Chart for Analysis of Tissue Samples
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— 250

GMF 150 Filter

C ) / SPE Disk
[ l/_ )
o pu— | L

Test Tube, 25-mm x 200-mm

1-Liter Suction Flask

Figure 4 Solid-phase Extraction Apparatus

104



Method 1668, Revision A

§2-027-02

Figure 5 Soxhlet/Dean-Stark Extractor
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Figure 6 Octyl column resolution test #1: Separation of CI-3 congeners 34 and 23 with
valley <40% (i.e. 100x/y < 40%)
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Figure 7 Octyl column resolution test #2: Separation of CI-7 congeners 187 and 182
with valley < 40% (i.e. 100 x/y < 40%)
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Figure 8 CB congeners at each level of chlorination on the SPB-octyl column
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24.0 Glossary

These definitions and purposes are specific to this Method but have been conformed to common
usage to the extent possible.

24.1  Units of weight and measure and their abbreviations

24.1.1 Symbols
°C degrees Celsius
ul microliter
um micrometer
< less than
> greater than
% percent

24.1.2 Alphabetical abbreviations

cm
g

h
ID
in.
L

M
m
mg
min
mL
mm
m/z
N

oD

Pg
ppb
ppm
PRq
ppt
psig
viv
wiv

centimeter

gram

hour

insde diameter

inch

liter

Molecular ion

meter

milligram

minute

milliliter

millimeter

mass-to-charge ratio

normal; gram molecular weight of solute divided by hydrogen equivalent
of solute, per liter of solution
outside diameter

picogram

part-per-billion
part-per-million
part-per-quadrillion
part-per-trillion
pounds-per-square inch gauge
volume per unit volume
weight per unit volume

24.2  Definitions and acronyms (in alphabetical order).

Analyte—A CB tested for by this Method. The analytes are listed in Table 1.

Calibration standard (CAL)—A solution prepared from a secondary standard and/or stock solutions
and used to calibrate the response of the HRGC/HRM S instrument.
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Calibration verification standard (VER)—The mid-point calibration standard (CS-3) that is used to
verify calibration. See Table 5.

CB—chlorinated biphenyl congener. One of the 209 individual chlorinated biphenyl congeners
determined using this Method. The 209 CBs are listed in Table 1.

CS0.2,CS1,CS2, CS3, CS4, CS-5—See Calibration standards and Table 5.
DeCB—decachlorobiphenyl (PCB 209)
DiCB—dichlorobiphenyl

Estimated method detection limit (EM DL )—The lowest concentration at which a CB can be detected
with common laboratory interferences present. EMDLs arelisted in Table 2.

Estimated minimum level (EML)—The lowest concentration at which a CB can be measured reliably
with common laboratory interferences present. EMLs are listed in Table 2.

Field blank—An aliquot of reagent water or other reference matrix that is placed in a sample container
in the laboratory or the field, and treated as a sample in all respects, including exposure to sampling site
conditions, storage, preservation, and al analytical procedures. The purpose of the field blank isto
determine if the field or sample transporting procedures and environments have contaminated the sample.
GC—Gas chromatograph or gas chromatography

GPC—Gé permeation chromatograph or gel permeation chromatography

HpCB—heptachl orobiphenyl

HPL C—High performance liquid chromatograph or high performance liquid chromatography
HRGC—High resolution GC

HRM S—High resolution MS

HxCB—hexachlorobiphenyl

L abeled injection internal standard—All five, or any one of the five, *C,,-labeled CB congeners
spiked into the concentrated extract immediately prior to injection of an aiquot of the extract into the
HRGC/HRMS. Thefive Labeled injection interna standards in this Method are CBs with IUPAC
numbers 9, 52, 101, 138, and 194.

Internal standar d—a labeled compound used as a reference for quantitation of other labeled compounds
and for quantitation of native CB congeners other than the congener of which it isalabeled analog. See
Internal standard quantitation.

Internal standard quantitation—A means of determining the concentration of (1) a naturally occurring

(native) compound by reference to a compound other than its labeled analog and (2) alabeled compound
by reference to another labeled compound.
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I PR—Initial precision and recovery; four aliquots of a reference matrix spiked with the analytes of
interest and labeled compounds and analyzed to establish the ability of the [aboratory to generate
acceptable precision and recovery. An IPR is performed prior to the first time this Method is used and
any time the Method or instrumentation is modified.

I sotope dilution quantitation—A means of determining a naturally occurring (native) compound by
reference to the same compound in which one or more atoms has been isotopically enriched. In this
Method, all 12 carbon atoms in the biphenyl molecule are enriched with carbon-13 to produce **C, -
labeled analogs of the chlorinated biphenyls. The *C,,-labeled CBs are spiked into each sample and
allow identification and correction of the concentration of the native compounds in the analytical
process.

K -D—Kuderna-Danish concentrator; a device used to concentrate the analytes in a solvent

Laboratory blank—See Method blank

Laboratory control sample (L CS)—See Ongoing precision and recovery standard (OPR)

Laboratory reagent blank—See Method blank

May—This action, activity, or procedural step is neither required nor prohibited.

May not—This action, activity, or procedura step is prohibited.

Method blank—An aliquot of reagent water that is treated exactly as a sample including exposure to al
glassware, equipment, solvents, reagents, internal standards, and surrogates that are used with samples.
The Method blank is used to determine if analytes or interferences are present in the laboratory
environment, the reagents, or the apparatus.

Minimum level of quantitation (ML)—The leve at which the entire analytical system must give a
recognizable signal and acceptable calibration point for the analyte. It is equivalent to the concentration
of the lowest calibration standard, assuming that all Method-specified sample weights, volumes, and
cleanup procedures have been employed.

M oCB—monochl orobiphenyl

M S—M ass spectrometer or mass spectrometry

Must—This action, activity, or procedural step isrequired.

NoCB-nonachlorobiphenyl

OcCB—octachl orobiphenyl

OPR—Ongoing precision and recovery standard (OPR); a method blank spiked with known quantities of
analytes. The OPR is analyzed exactly like asample. Its purpose isto assure that the results produced by
the laboratory remain within the limits specified in this Method for precision and recovery.

Perfluor oker osene (PFK)—A mixture of compounds used to calibrate the exact m/z scale in the HRMS.
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Preparation blank—See Method blank

Quality control check sample (QCS)—A sample containing all or a subset of the analytes at known
concentrations. The QCS is obtained from a source external to the laboratory or is prepared from a
source of standards different from the source of calibration standards. It is used to check laboratory
performance with test materials prepared external to the normal preparation process.
PeCB—pentachl orobiphenyl

PCB—polychlorinated biphenyl

Reagent water—water demonstrated to be free from the analytes of interest and potentially interfering
substances at the method detection limit for the analyte.

Relative standard deviation (RSD)—The standard deviation times 100 divided by the mean. Also
termed "coefficient of variation."

RF—Response factor. See Section 10.5
RR—Rélative response. See Section 10.4
RSD—See Relative standard deviation

SDS—Soxhlet/Dean-Stark extractor; an extraction device applied to the extraction of solid and semi-
solid materials (Reference 11 and Figure 5).

Signal-to-noiseratio (SN)—The height of the signal as measured from the mean (average) of the noise
to the peak maximum divided by the width of the noise.

Should—This action, activity, or procedural step is suggested but not required.

S| CP—Sdlected ion current profile; the line described by the signa at an exact m/z.

SPE—Solid-phase extraction; an extraction technique in which an analyte is extracted from an agqueous
sample by passage over or through a material capable of reversibly adsorbing the analyte. Also termed
liquid-solid extraction.

Stock solution—A solution containing an analyte that is prepared using a reference material traceable to
EPA, the National Institute of Science and Technology (NIST), or asource that will attest to the purity
and authenticity of the reference material.

T eCB—tetrachlorobiphenyl

TEF-Toxicity equivalency factor; an estimate of the toxicity of a specific congener relative to 2,3,7,8-
tetrachl orodibenzo-p-dioxin.

TEQ—the toxicity equivalent concentration in an environmental sample. It isthe sum of the
concentrations of each individual toxic PCB and each individual 2,3,7,8-subgtituted, tetra-through
octachlorinated, dibenzo-p-dioxin and dibenzofuran multiplied by their respective TEFs (Reference 1).
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TEQpcz—the portion of the TEQ attributable to the toxic PCBs.

Tr CB—trichlorobiphenyl

Unique GC resolution or uniquely resolved—Two adjacent chromatographic peaks in which the height
of the valley isless than 40 percent of the height of the shorter peak (See section 6.9.1.1.2 and Figures 6

and 7 for unique resolution specific to the SPB-octyl column).

VER—See Cdlibration verification.
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Annex A - Preliminary information for deter mination of 209 CBson the DB-1

11
1.2

column

Column and Conditions

Column—30+5-m long x 0.25+0.02-mm ID; 0.25-um film DB-1 (J& W, or equivalent).

Suggested GC operating conditions:
Injector temperature: 270 °C
Interface temperature: 290 °C
Initial temperature: 75 °C
Initia time: 2 minutes
Temperature program:  75-150 °C @ 15 °C/minute
150-270 °C @ 2.5 °C/minute
Final time: 7 minutes
Carrier gasvelocity: 40 cm/sec @ 200 °C

Note: The GC conditions may be optimized for compound separation and sensitivity.
Once optimized, the same GC conditions must be used for the analysis of all standards,
blanks, IPR and OPR aliquots, and samples.

2.2

2.2

2.3

Operating information

Congener solutions—Mixes of individual congeners that will alow separation of al 209
congeners on the DB-1 column had not been developed at the date of writing of Revison A
to Method 1668.

Elution order data—The congener mixes developed for the SPB-octyl column (Table 4 of
Method 1668) were run on the DB-1 column. Although some congeners in these mixes co-
eute on the DB-1 column, the mixes dlow determination of retention times the DB-1
column. These retention times are shown in Annex Table A-1

Window-defining congeners—The beginning and ending congeners at each level of
chlorination are the same as those for the SPB-octyl column. See Table 2 in Method 1668.

Scan descriptors—The 6-function scan descriptors are shown in Annex Table A-2
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Table A-1. Retention time (RT) references, quantitation references, relative retention times (RRTS), estimated detection limits (EMDLSs), and

estimated minimum levels (EMLS) for CB congeners using a DB-1 column.

IUPAC Retention time and IUPAC
Labeled or native CB*| number? quantitation references| number RT RRT| RRT QC limits®
3C,,-2-MoCB* 1L 3C,,-4-MoCB*® 3L| 09:17| 0.8855| 0.8776-0.8935
2-MoCB 1 3C,,-2-MoCB* 1L| 09:17| 1.0000| 0.9964-1.0072
3-MoCB 2 3C,,-4-MoCB*® 3L| 10:22| 0.9889| 0.9809-0.9968
3C,,-4-MoCB*® 3L $3C,-2,2',5,5'-TeCB’ 52L| 10:29| 0.5561| 0.5473-0.5650
4-MoCB 3 3C,,-4-MoCB*® 3L| 10:29| 1.0000| 0.9968-1.0064
3C,,-2,2"-DiCB* 4L 3C,,-4,4'-DiCB*® 15L| 11:08| 0.7591 0.7477-0.7705
2,2'-DiCB 4 3C,,-2,2"-DiCB* 4L 11:08| 1.0000| 0.9925-1.0075
2,6-DiCB 10 3C,,-4,4'-DiCB*® 15L| 11:10| 0.7614| 0.7500-0.7727
2,5-DiCB 9 3C,,-4,4'-DiCB*® 15L| 12:08| 0.8273| 0.8216-0.8330
2,4-DiCB 7 3C,,-4,4'-DiCB*® 15L| 12:09| 0.8284| 0.8227-0.8341
2,3'-DiCB 6 3C,,-4,4'-DiCB*® 15L| 12:31| 0.8534| 0.8477-0.8591
2,4-DiCB® 8 3C,,-4,4'-DiCB*® 15L| 12:43| 0.8670| 0.8614-0.8727
2,3-DiCB 5 3C,,-4,4'-DiCB*® 15L| 12:46| 0.8705| 0.8648-0.8761
13C,,-2,2',6-TrCB* 19L 13C,,-2,4,4'-TrCB? 28L| 13:31] 0.7990| 0.7892-0.8089
2,2'6-TrCB 19 ¥C,,-2,2',6-TrCB* 19L| 13:31] 1.0000| 0.9975-1.0049
3,5-DiCB 14 3C,,-4,4'-DiCB*® 15L| 13:36| 0.9273| 0.9216-0.9330
2,4,6-TrCB 30 3C,-2,4,4"-TrCB® 28L| 14:06| 0.8335| 0.8286-0.8384
3,3-DiCB 11 3C,,-4,4'-DiCB*® 15L| 14:11] 0.9670| 0.9614-0.9727
3,4'-DiCB 13 3C,,-4,4'-DiCB*® 15L| 14:26| 0.9841 0.9784-0.9898
3,4-DiCB 12 3C,,-4,4'-DiCB*® 15L| 14:27| 0.9852| 0.9795-0.9909
2,2'5-TrCB® 18 3C,-2,4,4"-TrCB® 28L| 14:36| 0.8631| 0.8581-0.8680
3C,,-4,4'-DiCB*® 15L 3C,,-2,2',5,5'-TeCB’ 52L| 14:40| 0.7781 0.7692-0.7869
4,4'-DiCB 15 3C,,-4,4'-DiCB*® 15L| 14:40{ 1.0000| 0.9977-1.0043
2,2'4-TrCB 17 3C,,-2,4,4-TrCB® 28L| 14:43| 0.8700| 0.8650-0.8749
2,3'6-TrCB 27 3C,,-2,4,4-TrCB® 28L| 15:06| 0.8926| 0.8877-0.8975
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IUPAC Retention time and IUPAC
Labeled or native CB*| number? quantitation references| number RT RRT| RRT QC limits®
2,3,6-TrCB 24 3C,,-2,4,4-TrCB® 28L| 15:06| 0.8926| 0.8877-0.8975
2,2',3-TrCB 16 3C,,-2,4,4-TrCB® 28L| 15:26| 0.9123| 0.9074-0.9172
2,4'6-TrCB 32 3C,,-2,4,4-TrCB® 28L| 15:29| 0.9153| 0.9103-0.9202
3C,-2,2',6,6'-TeCB* 54L 3C,,-3,3',4,4'-TeCB*5? 77L| 16:02| 0.6139| 0.6075-0.6203
2,2'6,6'-TeCB 54 3C,-2,2',6,6'-TeCB* 54L| 16:02| 1.0000{ 0.9979-1.0042
2',3,5-TrCB 34 3C,-2,4,4"-TrCB® 28L| 16:03| 0.9488| 0.9438-0.9537
2,3,5-TrCB 23 3C,,-2,4,4-TrCB°® 28L| 16:07| 0.9527| 0.9478-0.9576
2,4,5-TrCB 29 3C,-2,4,4"-TrCB® 28L| 16:18| 0.9635| 0.9586-0.9685
2,3',5-TrCB 26 3C,,-2,4,4-TrCB® 28L| 16:29| 0.9744| 0.9695-0.9793
2,3',4-TrCB 25 3C,,-2,4,4-TrCB® 28L| 16:36| 0.9813| 0.9764-0.9862
2,4'5-TrCB 31 3C,,-2,4,4-TrCB® 28L| 16:52| 0.9970| 0.9921-1.0020
3C,,-2,4,4-TrCB® 28L 3C,-2,2',5,5'-TeCB’ 52L| 16:55| 0.8974| 0.8930-0.9019
2,4,4'-TrCB® 28 3C,-2,4,4"-TrCB® 28L| 16:55| 1.0000| 0.9980-1.0039
2,2',4,6-TeCB 50 3C,,-3,3',4,4'-TeCB*5° 77L| 16:55| 0.6477| 0.6414-0.6541
2,3,4-TrCB 21 3C,,-2,4,4-TrCB® 28L| 17:21| 1.0256| 1.0207-1.0305
2,2'5,6'-TeCB 53 3C,,-3,3',4,4'-TeCB*5? 77L| 17:26| 0.6675| 0.6611-0.6739
2,3,3-TrCB 20 3C,,-2,4,4-TrCB® 28L| 17:22| 1.0266| 1.0217-1.0315
2'3,4-TrCB 33 3C,,-2,4,4-TrCB® 28L| 17:24| 1.0286| 1.0236-1.0335
2,2'4,6'-TeCB 51 3C,,-3,3',4,4'-TeCB*5° 77L| 17:42| 0.6777| 0.6713-0.6841
2,3,4'-TrCB 22 3C,,-2,4,4-TrCB® 28L| 17:43| 1.0473| 1.0424-1.0522
2,2',3,6-TeCB 45 3C,,-3,3',4,4'-TeCB*5? 77L| 18:00| 0.6892| 0.6828-0.6956
3,3,5-TrCB 36 3C,,-2,4,4-TrCB® 28L| 18:16| 1.0798| 1.0749-1.0847
2,2',3,6'-TeCB 46 3C,,-3,3',4,4'-TeCB*5° 77L| 18:24| 0.7045| 0.6981-0.7109
3,4',5-TrCB 39 3C,,-2,4,4-TrCB® 28L| 18:37| 1.1005| 1.0956-1.1054
3C,-2,2',5,5'-TeCB’ 52L 3C,-2,2',5,5'-TeCB’ 52L| 18:51| 1.0000| 0.9956-1.0044
2,2',5,5'-TeCB® 52 3C,,-3,3',4,4'-TeCB*5° 77L| 18:51| 0.7218| 0.7154-0.7281
2,3',4,6-TeCB 69 3C,,-3,3',4,4'-TeCB*5° 77L| 18:52| 0.7224| 0.7160-0.7288
2,3',5',6-TeCB 73 3C,,-3,3',4,4'-TeCB*5° 77L| 18:57| 0.7256| 0.7192-0.7320
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IUPAC Retention time and IUPAC
Labeled or native CB*| number? quantitation references| number RT RRT| RRT QC limits®
2,2'4,5'-TeCB 49 3C,,-3,3',4,4'-TeCB*5° 77L| 19:00| 0.7275| 0.7211-0.7339
2,2',3,5-TeCB 43 3C,,-3,3',4,4'-TeCB*5° 77L| 19:04| 0.7301 0.7237-0.7364
3,4,5-TrCB 38 3C,,-2,4,4-TrCB® 28L| 19:12| 1.1350f 1.1300-1.1399
2,2'4,4'-TeCB 47 3C,,-3,3',4,4'-TeCB*5° 77L 19:15] 0.7371 0.7307-0.7435
2,4,4'6-TeCB 75 3C,,-3,3',4,4'-TeCB*5° 77L| 19:20| 0.7403| 0.7339-0.7466
2,2'4,5-TeCB 48 3C,,-3,3',4,4'-TeCB*5° 77L| 19:20| 0.7403| 0.7339-0.7466
2,3,5,6-TeCB 65 3C,,-3,3',4,4'-TeCB*5° 77L 19:31| 0.7473| 0.7409-0.7537
2,3,4,6-TeCB 62 3C,,-3,3',4,4'-TeCB*5° 77L| 19:36| 0.7505| 0.7441-0.7569
3,3',4-TrCB 35 3C,,-2,4,4-TrCB® 28L| 19:41| 1.1635| 1.1586-1.1685
¥C,,-2,2',4,6,6'-PeCB* 104L 3C,,-2,3',4,4' 5-PeCB5° 118L| 19:45| 0.7037| 0.6977-0.7096
2,2'4,6,6'-PeCB 104 3C,,-2,2',4,6,6'-PeCB* 104L| 19:45| 1.0000| 0.9983-1.0034
2,2'3,5'-TeCB® 44 3C,,-3,3',4,4'-TeCB*5° 77L| 19:55| 0.7626| 0.7562-0.7690
3C,,-3,4,4-TrCB* 37L 3C,,-2,4,4-TrCB°® 28L| 20:03| 1.1852| 1.1803-1.1901
3,4,4'-TrCB 37 3C,,-3,4,4-TrCB* 37L| 20:03| 1.0000{ 0.9983-1.0033
2,3,3',6-TeCB 59 3C,,-3,3',4,4'-TeCB*5? 77L| 20:05| 0.7690| 0.7626-0.7754
2,2'3,4'-TeCB 42 3C,,-3,3',4,4'-TeCB*5° 77L| 20:07| 0.7703| 0.7639-0.7766
2,3'5,5'-TeCB 72 3C,,-3,3',4,4'-TeCB*5° 77L| 20:36| 0.7888| 0.7824-0.7951
2,3',4'6-TeCB 71 3C,,-3,3',4,4'-TeCB*5° 77L| 20:36| 0.7888| 0.7824-0.7951
2,3,4'6-TeCB 64 3C,,-3,3',4,4'-TeCB*5° 77L| 20:37| 0.7894| 0.7830-0.7958
2,2',3,4-TeCB 41 3C,,-3,3',4,4'-TeCB*5° 77L| 20:39| 0.7907| 0.7843-0.7971
2,2',3,6,6'-PeCB 96 3C,,-2,3',4,4' 5-PeCB5° 118L| 20:48| 0.7411 0.7352-0.7470
2,3',4,5'-TeCB 68 3C,,-3,3',4,4'-TeCB*5? 77L| 20:52| 0.7990| 0.7926-0.8054
2,2'.3,3'-TeCB 40 3C,,-3,3',4,4'-TeCB*5? 77L| 20:58| 0.8028| 0.7996-0.8060
2,3,3',5-TeCB 57 3C,,-3,3',4,4'-TeCB*5° 77L 21:21| 0.8175| 0.8143-0.8207
2,2'4,5,'6-PeCB 103 3C,,-2,3',4,4' 5-PeCB5° 118L| 21:22| 0.7613| 0.7553-0.7672
2,3',4,5-TeCB 67 3C,,-3,3',4,4'-TeCB*5? 77L| 21:38| 0.8283| 0.8251-0.8315
2,2'4,4' 6-PeCB 100 3C,,-2,3',4,4' 5-PeCB5° 118L| 21:41| 0.7726| 0.7666-0.7785
2,3,3',5-TeCB 58 3C,,-3,3',4,4'-TeCB*5? 77L| 21:43| 0.8315| 0.8283-0.8347
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Method 1668, Revision A

IUPAC Retention time and IUPAC
Labeled or native CB*| number? quantitation references| number RT RRT| RRT QC limits®
2,3,4'5-TeCB 63 3C,,-3,3',4,4'-TeCB*5? 77L| 21:51| 0.8366| 0.8334-0.8398
2,2',3,5,6'-PeCB 94 3C,-2,3',4,4' 5-PeCB>® 118L| 22:05| 0.7868| 0.7809-0.7928
2,4,4'5-TeCB 74 3C,,-3,3',4,4'-TeCB*5° 77L| 22:07| 0.8468| 0.8437-0.8500
2,3,4,5-TeCB 61 3C,,-3,3',4,4'-TeCB*5° 77L 22:11| 0.8494| 0.8462-0.8526
2,3'4'5-TeCB 70 3C,,-3,3',4,4'-TeCB*5? 77L| 22:20| 0.8551| 0.8519-0.8583
2'3,4,5-TeCB 76 3C,,-3,3',4,4'-TeCB*5? 77L| 22:25| 0.8583| 0.8551-0.8615
2,2',3',4,6-PeCB 98 3C,-2,3'4,4' 5-PeCB>® 118L| 22:28| 0.8005| 0.7975-0.8034
2,3'4,4'-TeCB® 66 3C,,-3,3',4,4'-TeCB*5° 77L| 22:29| 0.8609| 0.8577-0.8641
2,2'4,5,6'-PeCB 102 3C,-2,3'4,4' 5-PeCB5>® 118L| 22:32| 0.8029| 0.7999-0.8058
2,2',3,5',6-PeCB 95 3C,-2,3'4,4' 5-PeCB>® 118L| 22:34| 0.8040| 0.8011-0.8070
2,2',3,5,6-PeCB 93 3C,-2,3'4,4' 5-PeCB5>? 118L| 22:36| 0.8052| 0.8023-0.8082
3,3',5,5-TeCB 80 3C,,-3,3',4,4'-TeCB*5° 77L| 22:45| 0.8711 0.8679-0.8743
2,2',3,4,6-PeCB 88 3C,-2,3'4,4' 5-PeCB5>® 118L| 22:49| 0.8129| 0.8100-0.8159
2,2',3,4',6-PeCB 91 3C,-2,3'4,4' 5-PeCB>® 118L| 22:55| 0.8165| 0.8135-0.8195
2,3,3'4'-TeCB 55 3C,,-3,3',4,4'-TeCB*5? 77L| 22:57| 0.8787| 0.8756-0.8819
2,3',4,5,'6-PeCB 121 3C,,-2,3',4,4' 5-PeCB5° 118L| 23:04| 0.8219| 0.8189-0.8248
2,3,3'4'-TeCB 56 3C,,-3,3',4,4'-TeCB*5? 77L| 23:24| 0.8960| 0.8928-0.8992
2,3,4,4'-TeCB 60 3C,,-3,3',4,4'-TeCB*5? 77L| 23:24| 0.8960| 0.8928-0.8992
3C,,-2,2',4,4' 6,6'-HxCB* 155L ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 23:43| 0.7104| 0.7054-0.7154
2,2'4,4'6,6'-HxCB 155 3C,,-2,2',4,4' 6,6'-HxCB* 155L| 23:43| 1.0000] 0.9986-1.0028
2,2',3,3',6-PeCB 84 3C,-2,3',4,4' 5-PeCB5® 118L| 23:44| 0.8456| 0.8426-0.8486
2,2'3,5,5'-PeCB 92 3C,,-2,3',4,4' 5-PeCB5° 118L| 23:50| 0.8492| 0.8462-0.8521
2,2',3,4,6'-PeCB 89 3C,-2,3'4,4' 5-PeCB>® 118L| 23:53| 0.8510| 0.8480-0.8539
2,2',3,4',5-PeCB 90 3C,-2,3'4,4' 5-PeCB>® 118L| 24:07| 0.8593| 0.8563-0.8622
¥C,,-2,2',4,5,5'-PeCB’ 101L ¥C,,-2,2',4,5,5'-PeCB’ 101L| 24:11| 1.0000| 0.9966-1.0034
2,2'4,5,5'-PeCB® 101 3C,,-2,3',4,4' 5-PeCB5° 118L| 24:11| 0.8616| 0.8587-0.8646
2,3,3',5',6-PeCB 113 3C,-2,3'4,4' 5-PeCB>® 118L| 24:23| 0.8688| 0.8658-0.8717
3,3'4,5'-TeCB 79 3C,,-3,3",4,4'-TeCB*5? 77L| 24:27| 0.9362| 0.9330-0.9394
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Method 1668, Revision A

IUPAC Retention time and IUPAC
Labeled or native CB*| number? quantitation references| number RT RRT| RRT QC limits®
2,2'4,4' 5-PeCB 99 3C,,-2,3',4,4' 5-PeCB5° 118L| 24:28| 0.8717| 0.8688-0.8747
2,2',3,4',6,6'-HxCB 150 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 24:52| 0.7449| 0.7399-0.7499
2,3',4,4'6-PeCB 119 3C,,-2,3',4,4' 5-PeCB5° 118L| 24:54| 0.8872| 0.8842-0.8901
2,3,3',5,6-PeCB 112 3C,-2,3'4,4' 5-PeCB>® 118L| 25:00| 0.8907| 0.8878-0.8937
2,3,3'4,5'-PeCB 108 3C,-2,3'4,4' 5-PeCB5>? 118L| 25:09| 0.8961| 0.8931-0.8990
2,2',3,5,6,6'-HxCB 152 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 25:17| 0.7574| 0.7524-0.7624
2,2',3,3',5-PeCB 83 3C,-2,3'4,4' 5-PeCB5>? 118L| 25:20| 0.8919| 0.8890-0.8949
2,2'.3',4,5-PeCB 97 3C,-2,3'4,4' 5-PeCB5® 118L| 25:22| 0.9038| 0.9008-0.9068
2,2',3,4,5-PeCB 86 3C,-2,3'4,4' 5-PeCB>® 118L| 25:27| 0.9068| 0.9038-0.9097
3C,,-3,4,4' 5-TeCB® 81L 3C,,-2,2',5,5'-TeCB’ 52L| 25:32| 1.3546| 1.3457-1.3634
3,4,4' 5-TeCB" 81 3C,,-3,4,4'5-TeCB*>? 77L| 25:32| 1.0000{ 0.9987-1.0026
2'3,4,5,6'-PeCB 125 3C,,-2,3',4,4' 5-PeCB5° 118L| 25:36| 0.9121 0.9091-0.9151
2,3,4'5,6-PeCB 117 3C,,-2,3',4,4' 5-PeCB5° 118L| 25:37| 0.9127| 0.9097-0.9157
2,2'.3,4,5'-PeCB 87 3C,-2,3'4,4' 5-PeCB>® 118L| 25:38| 0.9133| 0.9103-0.9163
3,3',4,5-TeCB 78 3C,,-3,3',4,4'-TeCB*5? 77L| 25:40| 0.9598| 0.9566-0.9630
2,2',3,4,6,6'-HxCB 145 3C,,-2,3',4,4'5,5'-HxCB%*® 167L| 25:42| 0.7698| 0.7649-0.7748
2,3,4,4'6-PeCB 115 3C,-2,3',4,4' 5-PeCB>® 118L| 25:44| 0.9169| 0.9139-0.9198
¥C,,-2,3,3',5,5'-PeCB?® 111L ¥C,,-2,2',4,5,5'-PeCB’ 101L| 25:51| 1.0689| 1.0655-1.0724
2,3,3',5,5'-PeCB 111 3C,,-2,3',4,4' 5-PeCB5° 118L| 25:51| 0.9210| 0.9181-0.9240
2,2'3,4,4'-PeCB 85 3C,,-2,3',4,4' 5-PeCB5° 118L| 25:51| 0.9210| 0.9181-0.9240
2,3,4,5,6-PeCB 116 3C,,-2,3',4,4' 5-PeCB5° 118L| 25:48| 0.9192] 0.9163-0.9222
3C,,-3,3',4,4'-TeCB*5° 77L 3C,,-2,2',5,5'-TeCB’ 52L| 26:07| 1.3855| 1.3767-1.3943
3,3'4,4-TeCB®" 77 3C,,-3,3',4,4'-TeCB*5° 77L| 26:07| 1.0000f 0.9987-1.0026
2,2',3,3',6,6'-HxCB 136 3C,,-2,3',4,4'5,5'-HxCB%*° 167L| 26:10{ 0.7793| 0.7743-0.7843
2,3',4,5,5'-PeCB 120 3C,-2,3'4,4' 5-PeCB5>® 118L| 26:12| 0.9335| 0.9305-0.9365
2,2',3,4',5,6'-HxCB 148 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 26:14| 0.7858| 0.7808-0.7908
2,3,3',4',6-PeCB 110 3C,-2,3'4,4' 5-PeCB5>® 118L| 26:16| 0.9359| 0.9329-0.9388
2,2'4,4'5,6'-HxCB 154 3C,-2,3',4,4'5,5'-HxCB®*? 167L| 26:44| 0.8008| 0.7983-0.8033
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Method 1668, Revision A

IUPAC Retention time and IUPAC
Labeled or native CB*| number? quantitation references| number RT RRT| RRT QC limits®
2,2',3,3',4-PeCB 82 3C,-2,3'4,4' 5-PeCB>® 118L| 26:48| 0.9549| 0.9519-0.9578
2,2',3,5,5',6-HxCB 151 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 27:18| 0.8178| 0.8153-0.8203
2,2',3,3',5,6'-HxCB 135 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 27:31| 0.8243| 0.8218-0.8268
2'3,4,5,5'-PeCB 124 3C,-2,3'4,4' 5-PeCB>® 118L| 27:36| 0.9834| 0.9804-0.9863
2,2',3,4,5',6-HxCB 144 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 27:38| 0.8278| 0.8253-0.8303
2,3,3',4',5-PeCB 107 3C,-2,3'4,4' 5-PeCB>® 118L| 27:40| 0.9857| 0.9828-0.9887
2,2',3,4',5,6-HxCB 147 3C,-2,3',4,4' 5,5'-HxCB®*? 167L| 27:44| 0.8308| 0.8283-0.8333
2,3,3',4,6-PeCB 109 3C,-2,3',4,4' 5-PeCB>® 118L| 27:45| 0.9887| 0.9857-0.9917
2,2',3,4'5',6-HxCB 149 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 28:01| 0.8392| 0.8367-0.8417
2,2',3,3',5,6-HxCB 134 3C,,-2,3',4,4'5,5'-HxCB%*® 167L| 28:35| 0.8562| 0.8537-0.8587
2,2',3,4,5,6'-HxCB 143 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 28:34| 0.8557| 0.8532-0.8582
3C,,-2',3,4,4' 5-PeCB?® 123L ¥C,,-2,2',4,5,5'-PeCB’ 101L| 27:53| 1.1530| 1.1496-1.1564
2'.3,4,4',5-PeCB" 123 3C,,-2',3,4,4' 5-PeCB?® 123L| 27:53| 1.0000] 0.9988-1.0024
2,2',3,4,4' 6-HxCB 139 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 28:01| 0.8392| 0.8367-0.8417
2,3,3',4,5-PeCB 106 3C,-2,3'4,4' 5-PeCB5>® 118L| 28:04| 1.0000| 0.9970-1.0030
3C,,-2,3',4,4' 5-PeCB5° 118L ¥C,,-2,2',4,5,5'-PeCB’ 101L| 28:04| 1.1606| 1.1571-1.1640
2,3'4,4' 5-PeCB5"° 118 3C,-2,3'4,4' 5-PeCB>? 118L| 28:04| 1.0000| 0.9988-1.0024
2,2',3,4,4',6'-HxCB 140 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 28:12| 0.8447| 0.8422-0.8472
¥C,,-2,3,4,4' 5-PeCB?® 114L ¥C,,-2,2',4,5,5'-PeCB’ 101L| 28:38| 1.1840( 1.1806-1.1875
2,3,4,4'5-PeCB" 114 3C,-2,3,4,4' 5-PeCB*® 114L| 28:38| 1.0000| 0.9988-1.0023
2',3,3',4,5-PeCB 122 3C,,-2,3',4,4' 5-PeCB5° 118L| 28:48| 1.0261 1.0232-1.0291
2,2',3,3',4,6-HxCB 131 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 28:52| 0.8647| 0.8622-0.8672
2,2',3,4,5,6-HxCB 142 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 28:59| 0.8682| 0.8657-0.8707
2,2',3,3',5,5'-HxCB 133 3C,-2,3',4,4',5,5'-HXCB>* 167L| 28:59| 0.8682| 0.8657-0.8707
2,2',3,3',4,6'-HxCB 132 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 29:32| 0.8847| 0.8822-0.8872
2,3,3',5,5',6-HxCB 165 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 29:21| 0.8792| 0.8767-0.8817
13C,,-2,2',3,4',5,6,6'-HpCB* 188L 13C,,-2',3,3',4,4'5,5'-HpCB*5° 189L| 29:22] 0.9511| 0.7327-0.7411
2,2',3,4'5,6,6'-HpCB 188 3C,-2,2',3,4',5,6,6'-HpCB* 188L| 29:22| 1.0000| 0.9989-1.0023
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IUPAC Retention time and IUPAC
Labeled or native CB*| number? quantitation references| number RT RRT| RRT QC limits®
2,2',3,4',5,5'-HxCB 146 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 29:24| 0.8807| 0.8782-0.8832
¥C,,-2,3,3',4,4'-PeCB?® 105L ¥C,,-2,2',4,5,5'-PeCB’ 101L| 29:30f 1.2198| 1.2130-1.2267
2,3,3',4,4'-PeCB5° 105 3C,»-2,3,3',4,4'-PeCB?® 105L| 29:30| 1.0000| 0.9989-1.0023
2,3,3',4,5',6-HxCB 161 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 29:32| 0.8847| 0.8822-0.8872
2,2'4,4',5,5-HxCB® 153 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 29:48| 0.8927| 0.8902-0.8952
2,2',3,4,4'6,6'-HpCB 184 ¥C,,-2',3,3',4,4' 5,5'-HpCB*%*° 189L| 29:49| 0.7482| 0.7440-0.7524
3,3',4,5,5'-PeCB 127 3C,,-2,3',4,4' 5-PeCB5° 118L| 29:57| 1.0671 1.0641-1.0701
2,3'4,4'5',6-HxCB 168 3C,-2,3',4,4',5,5'-HXxCB®* 167L| 29:59| 0.8982| 0.8957-0.9006
2,2',3,4,5,5'-HxCB 141 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 30:31| 0.9141 0.9116-0.9166
2,2'.3,3',5,6,6'-HpCB 179 3C,-2',3,3',4,4',5,5'-HpCB*5? 189L| 30:33| 0.7666| 0.7624-0.7708
2,2',3,4,4' 5-HxCB 137 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 30:51| 0.9241 0.9216-0.9266
2,2',3,3',4,5'-HxCB 130 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 30:57| 0.9271 0.9246-0.9296
2,2',3,3',4,6,6'-HpCB 176 ¥C,,-2',3,3',4,4' 5,5'-HpCB*%*° 189L| 31:01| 0.7783| 0.7742-0.7825
3C,,-2,2',3,4,4' 5'-HxCB’ 138L 3C,,-2,2',3,4,4' 5'-HxCB’ 138L| 31:20{ 1.0000| 0.9973-1.0027
2,2'3,4,4',5-HxCB® 138 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 31:20{ 0.9386| 0.9361-0.9411
2,3,3',4',5',6-HxCB 164 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 31:22| 0.9396| 0.9371-0.9421
2,3,3',4',5,6-HxCB 163 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L 31:28| 0.9426| 0.9401-0.9451
2,3,3',4,5,6-HxCB 160 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 31:33| 0.9451 0.9426-0.9476
2,3,3',4,4'6-HxCB 158 3C,-2,3'4,4' 5,5'-HxCB®*? 167L| 31:35| 0.9461| 0.9436-0.9486
2,2'.3,4,5,6,6'-HpCB 186 3C,-2',3,3',4,4',5,5'-HpCB*5? 189L| 31:36| 0.7930| 0.7888-0.7972
2,2',3,3',4,5-HxCB 129 ¥C,,-2,3',4,4'5,5'-HxCB%*° 167L| 31:48| 0.9526| 0.9501-0.9551
3C,,-3,3',4,4' 5-PeCB*® 126L ¥C,,-2,2',4,5,5'-PeCB’ 101L| 31:49| 1.3156| 1.3088-1.3225
3,3',4,4' 5-PeCB®" 126 3C,,-3,3'4,4' 5-PeCB*® 126L| 31:49| 1.0000| 0.9990-1.0021
2,3,4,4',5,6-HxCB 166 3C,-2,3',4,4',5,5'-HXCB>* 167L| 32:13| 0.9651| 0.9626-0.9675
13C,,-2,2',3,3',5,5',6-HpCB’ 178L 13C,,-2,2',3,3',5,5',6-HpCB’ 178L| 32:14] 1.0000] 0.9974-1.0026
2,2'.3,3',5,5',6-HpCB 178 3C,-2',3,3',4,4',5,5'-HpCB*5? 189L| 32:14| 0.8089| 0.8068-0.8110
2,2',3,3',4,5',6-HpCB 175 3C,-2',3,3',4,4'5,5'-HpCB*5? 189L| 32:33| 0.8168| 0.8147-0.8189
2,3,3',4,5,5'-HxCB 159 3C,-2,3'4,4' 5,5'-HxCB®*? 167L| 32:43| 0.9800| 0.9775-0.9825
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IUPAC Retention time and IUPAC
Labeled or native CB*| number? quantitation references| number RT RRT| RRT QC limits®
2,2'.3,4',5,5',6-HpCB® 187 ¥C,,-2',3,3',4,4' 5,5'-HpCB*%*° 189L| 32:46| 0.8223| 0.8202-0.8243
2,2',3,4,4'5,6'-HpCB 182 ¥C,,-2',3,3',4,4' 5,5'-HpCB*%*° 189L| 32:47| 0.8227| 0.8206-0.8248
2,2'3,3',4,4'-HxCB® 128 ¥C,,-2,3',4,4'5,5'-HxCB%*® 167L| 32:52| 0.9845| 0.9820-0.9870
2,3,3',4',5,5'-HxCB 162 3C,-2,3',4,4',5,5'-HXxCB®* 167L| 33:00| 0.9885| 0.9860-0.9910
2,2',3,4,4'5',6-HpCB 183 3C,-2',3,3',4,4'5,5'-HpCB*5? 189L| 33:06| 0.8306| 0.8285-0.8327
¥C,,-2,3',4,4'5,5'-HxCB%*° 167L 3C,,-2,2',3,4,4' 5'-HxCB’ 138L| 33:23| 1.0654| 1.0628-1.0681
2,3'4,4'5,5'-HxCB" 167 3C,-2,3'4,4' 5,5'-HXxCB®*? 167L| 33:23| 1.0000| 0.9990-1.0020
2,2'.3,4,5,5',6-HpCB 185 3C,-2',3,3',4,4',5,5'-HpCB*5? 189L| 33:43| 0.8461| 0.8440-0.8482
2,2',3,3',4,5,6'-HpCB 174 ¥C,,-2',3,3',4,4'5,5'-HpCB*%*° 189L| 34:07| 0.8561 0.8540-0.8582
2,2',3,4,4',5,6-HpCB 181 ¥C,,-2',3,3',4,4' 5,5'-HpCB*%*° 189L| 34:11| 0.8578| 0.8557-0.8599
2,2',3,3',4',5,6-HpCB 177 3C,-2',3,3',4,4'5,5'-HpCB*5? 189L| 34:22| 0.8624| 0.8603-0.8645
2,2'3,3',4,4',6-HpCB 171 3C,-2',3,3',4,4',5,5'-HpCB*5? 189L| 34:40| 0.8699| 0.8678-0.8720
¥C,,-2,3,3',4,4',5 -HxCB® 156L 3C,,-2,2',3,4,4' 5'-HxCB’ 138L| 34:40{ 1.1064| 1.1037-1.1090
2,3,3',4,4' 5-HxCB" 156 3C,-2,3,3',4,4',5 -HXCB® 156L| 34:40| 1.0000| 0.9990-1.0019
3C,»-2,2'3,3',5,5',6,6'-OcCB* 202L 3C,,-CI8-PCB-1945 194L| 34:56| 0.8265| 0.8245-0.8285
2,2',3,3',5,5',6,6'-OcCB 202 3C,-2,2',3,3',5,5',6,6'-OcCB* 202L| 34:56| 1.0000{ 0.9990-1.0019
3C,,-2,3,3',4,4' 5'-HxCB® 157L 3C,,-2,2',3,4,4' 5'-HxCB’ 138L| 34:57| 1.1154] 1.1128-1.1181
2,3,3',4,4',5'-HxCB" 157 3C,,-2,3,3',4,4' 5'-HxCB® 157L| 34:57| 1.0000] 0.9990-1.0019
2,2'.3,3',4,5,6-HpCB 173 3C,-2',3,3',4,4'5,5'-HpCB*5? 189L| 35:04| 0.8800| 0.8779-0.8821
2,2'.3,3',4,5',6,6'-OcCB 201 3C,,-CI8-PCB-1945 194L| 35:25| 0.8379| 0.8360-0.8399
2,2',3,4,4',5,6,6'-OcCB 204 3C,,-CI8-PCB-194° 194L| 35:36| 0.8423| 0.8403-0.8442
2,2'.3,3',4,5,5'-HpCB 172 3C,-2',3,3',4,4',5,5'-HpCB*5? 189L| 35:41| 0.8954| 0.8934-0.8975
2,3,3'4,5,5',6-HpCB 192 3C,-2',3,3',4,4'5,5'-HpCB*5? 189L| 35:51| 0.8996| 0.8975-0.9017
2,2'.3,3',4,4',6,6'-OcCB 197 3C,,-CI8-PCB-1945 194L| 35:55| 0.8498| 0.8478-0.8517
2,2',3,4,4'5,5'-HpCB® 180 3C,-2',3,3',4,4'5,5'-HpCB*5? 189L| 36:07| 0.9063| 0.9042-0.9084
2,3,3'4',5,5',6-HpCB 193 3C,-2',3,3',4,4',5,5'-HpCB*5? 189L| 36:20| 0.9118| 0.9097-0.9138
2,3,3'4,4'5',6-HpCB 191 3C,-2',3,3',4,4'5,5'-HpCB*5? 189L| 36:34| 0.9176| 0.9155-0.9197
2,2'.3,3',4,5,6,6'-OcCB 200 3C,,-CI8-PCB-1945 194L| 36:49| 0.8711| 0.8691-0.8730
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Method 1668, Revision A

IUPAC Retention time and IUPAC
Labeled or native CB*| number? quantitation references| number RT RRT| RRT QC limits®
3C,,-3,3',4,4',5,5'-HxCB*? 169L 3C,-2,2',3,4,4',5"-HxCB’ 138L| 37:19| 1.1910| 1.1883-1.1936
3,3,4,4',5,5'-HxCB®"° 169 13C,,-3,3',4,4'5,5'-HxCB*? 169L| 37:19| 1.0000{ 0.9991-1.0018
2,2',3,3',4,4' 5-HpCB® 170 3C,,-2',3,3',4,4',5,5'-HpCB**? 189L| 37:44| 0.9469| 0.9448-0.9490
2,3,3,4,4',5,6-HpCB 190 3C,,-2',3,3',4,4',5,5'-HpCB*** 189L| 37:56| 0.9519| 0.9498-0.9540
2,2',3,3',4,5,5',6-OcCB 198 '3C,,-CI8-PCB-194° 194L| 38:34| 0.9125| 0.9105-0.9144
2,2',3,3',4,5,5',6'-OcCB 199 '3C,,-CI8-PCB-194° 194L| 38:43| 0.9160| 0.9140-0.9180
2,2',3,3',4,4'5,6'-OcCB 196 '3C,,-CI8-PCB-194° 194L| 39:05| 0.9247| 0.9227-0.9267
2,2',3,4,4'5,5',6-OcCB 203 '3C,,-CI8-PCB-194° 194L| 39:05| 0.9247| 0.9227-0.9267
3C,,-2',3,3',4,4' 5,5'-HpCB*5° 189L 3C,,-2,2',3,3',5,5',6-HpCB’ 178L| 39:51| 1.2363| 1.2311-1.2415
2,3,3'4,4'5,5'-HpCB" 189 3C,,-2',3,3',4,4',5,5'-HpCB*** 189L| 39:51| 1.0000{ 0.9992-1.0017
2,2',3,3',4,4'5,6-OcCB® 195 '3C,,-CI8-PCB-194° 194L| 40:45| 0.9641| 0.9621-0.9661
3C,,-2,2',3,3',4,5,5',6,6'-NoCB* 208L 3C,,-CI9-PCB-206*° 206L| 41:03| 0.9149| 0.9131-0.9168
2,2',3,3',4,5,5',6,6'-NoCB 208 3C,,-2,2',3,3',4,5,5',6,6'-NoCB* 208L| 41:03| 1.0000| 0.9992-1.0016
2,2',3,3',4,4',5,6,6'-NoCB 207 3C,,-CI9-PCB-206*° 206L| 41:32| 0.9257| 0.9238-0.9276
3C,,-2,2',3,3',4,4'5,5'-OcCB® 194L 3C,,-2,2',3,3',5,5',6-HpCB’ 178L| 42:16| 1.3113| 1.3061-1.3164
2,2',3,3',4,4'5,5'-OcCB 194 '3C,,-CI8-PCB-194° 194L| 42:16| 1.0000{ 0.9992-1.0016
3C,,-2,3,3'4,4',5,5',6-OcCB* 205L '3C,,-CI8-PCB-194° 194L| 42:44| 1.0110{ 1.0091-1.0130
2,3,3,4,4',5,5',6-OcCB 205 3C,,-2,3,3'4,4',5,5',6-OcCB* 205L| 42:44| 1.0000| 0.9992-1.0016
3C,,-2,2',3,3',4,4' 5,5',6-NoCB*® 206L 3C,,-2,2',3,3',5,5',6-HpCB’ 178L| 44:52| 1.3919| 1.3868-1.3971
2,2',3,3'4,4'5,5',6-NoCB° 206 3C,,-CI9-PCB-206*° 206L| 44:52| 1.0000| 0.9993-1.0015
3C,,-2,2',3,3',4,4',5,5',6,6'-DeCB** 209L 3C,,-2,2',3,3',5,5',6-HpCB’ 178L| 46:55| 1.4555| 1.4504-1.4607
2,2',3,3'4,4'5,5',6,6'-DeCB® 209 3C,,-CI10-PCB-209*° 209L| 46:55| 1.0000| 0.9993-1.0014
1. Abbreviations for chlorination levels
MoCB = monochl orobi phenyl
DICB = dichlorobiphenyl
TrCB = trichlorobiphenyl
TeCB = tetrachl orbiphenyl
PeCB = pentachl orobiphenyl
HxCB = hexachl orobiphenyl
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Method 1668, Revision A

HpCB
OcCB

heptachl orobipheny!

octachlorobiphenyl

NoCB nonachlorobiphenyl

DeCB decachlorobiphenyl

Suffix "L" indicates |abeled compound.

For native CBs determined by isotope dilution quantitation, RRT QC limits were constructed using -2 to +4 seconds around the the retention
time for the labeled analog. For native CBs determined by internal standard quantitation, RRT QC limits were constructed using a +2
percent window around the retention time for retention timesin the range of 0.8-1.2 and a +4 percent window around the retention time for
retention times <0.8 and >1.2. These windows may not be adequate for analyte identification (See the note in Section 16.4)

Labeled level of chlorination (LOC) window-defining congener

Labeled levd of chlorination (LOC) quantitation congener

Nationa Oceanic and Atmospheric Administration (NOAA) congener of interest

Instrument internal standard

Clean-up standard

Labeled interna standard for World Health Organization (WHO) toxic congener

0. WHO toxic congener

wn

RPO®NO O A

All



Method 1668, Revision A

Table A-2 Scan descriptors, levels of chlorination, m/z information, and substances monitored by
HRGC/HRMS

Function and chlorine level | m/z m/z type | m/z formula Substance

Fn-1 188.0393 | M '2C,, Hg *°Cl Cl-1 PCB

Cl-1 190.0363 | M+2 '2C,, Hy ¥'Cl Cl-1P CB
200.0795 (M 3C,, Hg *°Cl 3C,, CI-1 PCB
202.0766 | M+2 3C,, Hy ¥'Cl 3C,, Cl-1 PCB
218.9856 | lock C,F, PFK

Fn-2 222.0003 | M '2C,, Hg *°Cl, Cl-2 PCB

Cl-2,3 223.9974 | M+2 2C,, Hg **CI¥ ClI | CI-2 PCB
2259944 | M+4 2C,, Hg ¥'Cl, Cl-2 PCB
234.0406 | M 3C,, Hg *°Cl, 3C,, Cl-2 PCB
236.0376 | M+2 3C,, Hg °CI ¥ CI 3C,, Cl-2 PCB
2429856 | lock Cq Fy PFK
2559613 (M '2C,, H, *Cl, CI-3 PCB
257.9584 | M+2 '2C,, H, **Cl,*¥Cl | CI-3 PCB

Fn-3 2559613 | M '2C,, H, **Cl, CI-3 PCB

Cl-3,4,5 257.9584 | M+2 '2C,, H, **Cl,*¥Cl | CI-3 PCB
259.9554 | M+4 '2C,, H, *CI*Cl, | CI-3PCB
268.0016 | M 3C,, H, *Cl,4 3C,, CI-3 PCB
269.9986 | M+2 3C,, H, *Cl,*Cl | "*C,, CI-3 PCB
280.9825 | lock Ce Fiy PFK
289.9224 | M '2C,, Hg *°Cl, Cl-4 PCB
291.9194 | M+2 '2C,, Hg °Cl, ¥Cl | CI-4 PCB
293.9165 | M+4 '2C,, Hs *°Cl, *¥'Cl, | Cl-4 PCB
301.9626 | M 3C,, Hg °Cl, 3C,, Cl-4 PCB
303.9597 | M+2 3C,, Hg **Cl, *Cl | *C,, CI-4 PCB
323.8834 | M '2C,, Hs *°Cl; CI-5 PCB
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Method 1668, Revision A

Function and chlorine level | m/z m/z type | m/z formula Substance
325.8804 | M+2 '2C,, Hs *°Cl, ¥Cl | CI-5 PCB
327.8775 | M+4 '2C,, Hs *Cl, ¥'Cl, | CI-5 PCB
337.9207 | M+2 3C,, Hs *Cl, *Cl | *C,, CI-5 PCB
339.9178 | M+4 3C,, Hs **Cl, *'Cl, | "*C,, CI-5 PCB
Fn-4 289.9224 | M '2C,, Hg *°Cl, Cl-4 PCB
Cl-4,5,6 291.9194 | M+2 '2C,, Hg °Cl, ¥Cl | CI-4 PCB
293.9165 | M+4 '2C,, Hg *°Cl, ¥'Cl, | Cl-4 PCB
301.9626 | M+2 3C,, Hg *Cl, ¥Cl | *C,, CI-4 PCB
303.9597 | M+4 3C,, Hg *Cl, *'Cl, | *C,, Cl-4 PCB
323.8834 | M '2C,, Hs *°Cl; CI-5 PCB
325.8804 | M+2 '2C,, Hs *°Cl, *¥Cl | CI-5 PCB
327.8775 | M+4 '2C,, Hs **Cl, *'Cl, | CI-5 PCB
330.9792 | lock C,Fys PFK
337.9207 | M+2 3C,, Hs *Cl, *Cl | *C,, CI-5 PCB
339.9178 | M+4 3C,, Hs **Cl, *'Cl, | "*C,, CI-5 PCB
359.8415 | M+2 3C,, H, °CIs¥ClI Cl-6 PCB
361.8385 | M+4 3C,, H, **Cl, *Cl, | Cl-6 PCB
363.8356 | M+6 3C,, H, *Cl,*'Cl, | Cl-6 PCB
371.8817 | M+2 3C,, H, *Cl;*Cl | *C,, CI-6 PCB
373.8788 | M+4 3C,, H, *Cl,*Cl, | "C,, Cl-6 PCB
Fn-5 323.8834 | M '2C,, Hs *°Cl; Cl-5 PCB
Cl-5,6,7,8 325.8804 | M+2 '2C,, Hs *°Cl, *¥Cl | CI-5 PCB
327.8775 | M+4 '2C,, Hs **Cl, ¥'Cl, | CI-5 PCB
337.9207 | M+2 3C,, Hs *Cl, *Cl | *C,, CI-5 PCB
339.9178 | M+4 3C,, Hs **Cl, *'Cl, | "*C,, CI-5 PCB
354.9792 | lock CyFys PFK
359.8415 | M+2 '2C,, H, *Cl;¥Cl | Cl-6 PCB
361.8385 | M+4 '2C,, H, **Cl, *Cl, | Cl-6 PCB
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Function and chlorine level | m/z m/z type | m/z formula Substance
363.8356 | M+6 '2C,, H, *Cl,*'Cl, | Cl-6 PCB
371.8817 | M+2 3C,, H, *Cl;*Cl | *C,, CI-6 PCB
373.8788 | M+4 3C,, H, *Cl,*Cl, | "C,, Cl-6 PCB
393.8025 | M+2 '2C,, H, *Cls ¥Cl | CI-7 PCB
395.7995 | M+4 '2C,, H, *Cl;¥Cl, | CI-7 PCB
397.7966 | M+6 '2C,, H, **Cl, *Cl, | CI-7 PCB
405.8428 | M+2 3C,, H, *Cls *Cl | *C,, CI-7 PCB
407.8398 | M+4 3C,, H, *Cl; *"Cl, | *C,, CI-7 PCB
427.7635 M+2 '2C,, H, **Cl, ¥Cl | CI-8 PCB
429.7606 M+4 '2C,, H, *Cls ¥Cl, | CI-8 PCB
431.7576 M+6 '2C,, H, *Cl; ¥Cl, | CI-8 PCB
439.8038 M+2 3C,, H, **ClI, *Cl | "*C,, CI-8 PCB
441.8008 M+4 3C,, H, *Cls *'Cl, | "*C,, Cl-8 PCB
4549728 | QC C, Fy; PFK

Fn-6 427.7635 M+2 '2C,, H, *Cl, ¥Cl | CI-8 PCB

Cl-8,9,10 429.7606 M+4 '2C,, H, *Cls ¥Cl, | CI-8 PCB
431.7576 M+6 '2C,, H, *Cl;¥Cl, | CI-8 PCB
439.8038 M+2 3C,, H, **Cl, *Cl | "*C,, CI-8 PCB
441.8008 M+4 3C,, H, *Cls *'Cl, | "*C,, Cl-8 PCB
442 9728 QC CioFis PFK
4549728 lock C,Fis PFK
461.7246 M+2 2C,, H, **Clg¥Cl | CI-9 PCB
463.7216 M+4 '2C,, H, **Cl, *Cl, | CI-9 PCB
465.7187 M+6 '2C,, H, *Cls ¥Cl, | CI-9 PCB
473.7648 M+2 3C,, H, *Cly ¥Cl | *C,, CI-9 PCB
475.7619 M+4 3C,, H, *Cl, *Cl, | *C,, CI-9 PCB
495.6856 M+2 3C,,H,*Cly ¥'ClI CIl-10 PCB
499.6797 M+4 12C,,%Cl, ¥'Cl, CIl-10 PCB
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Function and chlorine level | m/z m/z type | m/z formula Substance
501.6767 M+6 12C,,%Cls ¥'Cl, CIl-10 PCB
507.7258 M+2 3C,,H,*Cly ¥'ClI 3C,, CI-10 PCB
509.7229 M+4 3C,,H, *Cl; *"Cl, | ™C,, CI-10 PCB
511.7199 M+6 3C,,H, *Cl*"Cl, | **C,, CI-10 PCB

1. Isotopic masses used for accurate mass calculation

'H
12C
13C
Cl
Cl
19F

1.0078
12.0000
13.0034
34.9689
36.9659
18.9984
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APPENDIX B

SAMPLE REPORTING FORMS

The sample reporting forms presented in this appendix were generated from the database. They
include al revised results or detection limits, validation qualifiers, qualifier codes, and bias codes
assigned during validation. The forms have been generated such that there is one page
summarizing the results for each “class’ of PCBs for each sample (i.e. sample results for one
sample are presented on 3 pages). The first page lists the results for the 13 PCBs that are
considered to be dioxin-like. The second page lists the results for the homolog groups and the
total PCBs. The third page lists the results for the PCBs that are considered to be
environmentally relevant, including eight of the dioxin-like PCBs.

During the data validation process, the data reviewer annotated on the analytical data sheets data
validation quaifiers (“*U”, “J’, “UJ’, and “R”) and associated qualifier and bias codes as listed in
Table B-1. The purpose of the qualifier codes is to provide information with regard to the data
quality condition(s) that resulted in the assigned qualifiers. The bias code provides an indication
of the bias direction of the results qualified as estimated based on data quality condition(s) that
resulted in the data qualification and the results of the other associated quality control analyses.
The data qualifier codes are followed by a hyphen and the applicable bias code. For example, a
result qualified as estimated due to a holding time exceedance, which resulted in a potential low
bias in the result, has the following code annotated on the data sheet, “HT-L”. In the case of
multiple data quality conditions resulting in qualification, each qualifier code is listed and
separated by acomma. For example, aresult qualified as estimated due to low matrix spike
recovery and poor method duplicate precision would have the following codes annotated on the
data sheet, “MS, MD —1”. The analytical results with assigned data qualifiers, qualifier codes,
and bias codes are included in this Appendix B.

The forms were generated from the database. They include all revised results or detection limits,
validation qualifiers, qualifier codes, and bias codes assigned during validation. The forms have
been generated such that there is one page summarizing the results for each “class’ of PCBs for
each sample (i.e. sample results for one sample are presented on 3 pages). The first page lists the
results for the 13 PCBs that are considered to be dioxinlike. The second page lists the results
for the homolog groups and the total PCBs. The third page lists the results for the PCBs that are
considered to be environmentally relevant, including eight of the dioxin-like PCBs.
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TableB-1

DATA VALIDATION QUALIFIER CODES AND BIASDIRECTION CODES

Qualifier Data Quality Condition
Code Resulting In Assigned Qualification
general use
HT Holding time requirement was not met
T Temperature requirement not met
P Preservation requirements not met
HS Sampl e received with headspace
MB or PB | Method blank or preparation blank contamination
LCS Laboratory control sample evaluation criteria not met
FB Field blank contamination
RB Rinsate blank contamination
FD Field duplicate evaluation criteria not met
RL Reporting Limit exceeds decision criterion (for nondetects)
organic methods
R Resolution criteria not met
TUNE Instrument performance (tuning) criterianot met
ICAL Initial calibration evaluation criteria not met
CCAL Continuing calibration eval uation criteria not met
ID Target compound identification criteria not met dueto ion ratio (IR) or no confirmation (NC)
SUR Surrogate recovery outside acceptance range
MS Matrix spike accuracy criteria not met
MD Method duplicate precision criteria not met
EMPC(C) Estimated maximum possible concentration due to co-elution with one or more congeners
IS Internal standard evaluation criteria not met
Bias Codes Bias Direction
H Biasin sample result likely to be high
L Biasin sampleresult likely to be low
I Biasin sample result is indeterminate

W :\Projects\53F00E9612_NAVY _PCB\Sub_12\6.0_Proj_Deliv\2004 Final Valid Reporfiaar Rnd 1 Validation Rpt4.doc 03/04/04(10:29 AM)
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Sample  FS-01-VS-R
Lab ID L2767-1

Class: Dioxin-Like PCBs

Parameter

77 - 3,3',4,4'-Tetrachlorobiphenyl

105 - 2,3,3',4,4'-Pentachlorobiphenyl
114 - 2,3,4,4',5-Pentachlorobiphenyl

118 - 2,3',4,4' 5-Pentachlorobiphenyl
123 - 2',3,4,4',5-Pentachlorobipheny!

126 - 3,3',4,4' 5-Pentachlorobiphenyl
156 - 2,3,3',4,4',5-Hexachlorobiphenyl
157 - 2,3,3',4,4',5'-Hexachlorobiphenyl
167 - 2,3',4,4' 5,5'-Hexachlorobipheny!
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachiorobiphenyl
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
189 - 2,3,3',4,4',5,5"-Heptachlorobipheny!

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration Units Detection  Validation Qualifier
Limit Qualifier Code
6.03 pa/g 0.99
115 pa/g 2.4
5.52 pa/g 2.28
318 pg/g 231
6.46 pg/g 2.53
ND  pglg 2.37 U
56.2 pa/g 0673
16.6 pa/g 0.617
245 pa/g 0.887
ND pglg 0.88 U
65.4 pa/g 0.261 J CRM-L
197 pg/g 0.237 J EMPC(C)-H

4.62 pg/g 0.301

10-g-2!
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Sample  FS-01-VS-R
Lab ID L2767-1
Class: Homologue Groups

Parameter

Total Monochlorobiphenyl
Total Dichlorobiphenyls
Total Trichlorobiphenyls
Total Tetrachlorobiphenyls
Total Pentachlorobiphenyls
Total Hexachlorobiphenyls
Total Heptachlorobiphenyls
Total Octachlorobiphenyls
Total Nonachlorobiphenyls
209 - Decachlorobipheny!
Total Polychlorinated Biphenyls

Fish: Vermilion Snapper

Sample Results

Location: Reference

Concentration

ND
15.3
69.4

323
1490
2300

803

345

11
9.54

5470

Page 2 of 180

Units

pg/g
po/g
pg/g
pg/g
pa/g
pPa/g
pg/g
pg/g
pg/q
pa/g
pa/g

Detection
Limit

0.617
0.69
0.237
1.01
2.68
1.51
0.351
0.281
0.246
0.195

Validation
Qualifier

U

Lo~

Qualifier
Code

RB-I
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Sample  FS-01-VS-R
Lab ID L2767-1

Class: Environmentally Relevant PCBs

" Parameter

8 - 2,4'-Dichlorobiphenyl

18 - 2,2',5-Trichlorobipheny!

28 - 2,4,4'-Trichlorobiphenyl

44 - 2,2'3,5'-Tetrachlorobiphenyl

49 - 2,2',4,5'-Tetrachlorobipheny!

52 - 2,2',5,5'-Tetrachlorobipheny|

66 - 2,3',4,4'-Tetrachlorobiphenyl

77 - 3,3',4,4'-Tetrachlorobiphenyl

87 - 2,2',3,4,5-Pentachlorobiphenyl

101 - 2,2',4,5,5'-Pentachlorobiphenyl
105 - 2,3,3',4,4'-Pentachlorobiphenyl’
118 - 2,3',4,4', 5-Pentachlorobiphenyl

126 - 3,3',4,4',5-Pentachlorobiphenyl

128 - 2,2',3,3',4,4'-Hexachlorobiphenyl
138 - 2,2',3,4,4' 5'-Hexachlorobiphenyl
153 - 2,2',4,4' 5,5'-Hexachlorobipheny!
156 - 2,3,3' 4,4',5-Hexachlorobiphenyl
169 - 3,3',4,4',5,5-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl
206 - 2,2',3.3',4,4',5,5',6-Nonachlor6bipheny0
209 - Decachlorobipheny!

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

4.55
7.85
19.3
42.8
28.9
571
40.2
6.03
140
256
115
318
ND
97
610
738
56.2
ND
65.4
197
76.6
3.28
208
7.47
70.4
9.54

Page 3 of 180

Units

pg/g
pg/g
pa/g
pa/g
pa/g
po/g
pa/g
P9/g
pa/g
Pg/g
pa/g
pg/g
Pa/g
pg/g
pa/g
pg/g
P9/g
pg/g
pPa/g
pPa/g
pa/g
pg/g
pa/g
pa/g
pg/g
po/g

Detection
Limit
0.473
0.187
0.156
0.206
0.161
0.177
0.826
0.99
0.411
0.345
24
2.31
2.37
1.19
1.16
1.02
0.673
0.88
0.261
0.237
0.319
0.231
0.222
0.256
0.246
0.195

Validation Qualifier
Qualifier Code

EMPC(C)-H
EMPC(C)-H
EMPC(C),CRM-H
EMPC(C)-H

- -« o

J EMPC(C)-H
EMPC(C)-H

EMPC(C)-H
EMPC(C)-H
EMPC(C)-H

- « « C

CRM-L
EMPC(C)-H
EMPC(C)-H

- « -« C

lo-3-01



Sample  FS-02-VS-R
Lab ID L2767-2

Class: Dioxin-Like PCBs

Parameter

77 - 3,3',4,4'-Tetrachlorobiphenyl

105 - 2,3,3',4,4'-Pentachlorobiphenyl
114 - 2,3,4,4',5-Pentachlorobiphenyl

118 - 2,3',4,4',5-Pentachlorobiphenyl
123 - 2',3,4,4',5-Pentachlorobiphenyl

126 - 3,3',4,4',5-Pentachlorobiphenyl
156 - 2,3,3',4,4',5-Hexachlorobiphenyl
157 - 2,3,3',4,4',5'-Hexachlorobiphenyl
167 - 2,3',4,4',5,5'-Hexachlorobiphenyl
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
189 - 2,3,3',4,4',5,5"-Heptachlorobiphenyl

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration Units Detection Validation Qualifier
Limit Qualifier Code
15.6 pg/g 2.33
240 pg/g 3.26
113 pg/g 3.15
758 pg/g 2.87
13.7 pg/g 3.23
3.75 pg/g 3.26
108 pg/g 0.53
27 pa/g 0.486
52.3 pg/g 1.26
ND pa/g 1.49 U
179 pa/g ’ 0.328 J CRM-L
643 pg/g 0.297 J EMPC(C)-H
9.66 pa/g 0.508

j6-3-0¢
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Sample  FS-02-VS-R
Lab ID L2767-2

Class: Homologue Groups

Parameter

Total Monochlorobiphenyl
Total Dichlorobiphenyls
Total Trichlorobiphenyls
Total Tetrachlorobiphenyls
Total Pentachlorobiphenyls
Total Hexachlorobiphenyls
Total Heptachlorobiphenyls
Total Octachlorobiphenyls
Total Nonachlorobiphenyls
209 - Decachlorobiphenyl
Total Polychlorinated Biphenyls

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

ND
13.9
167
1260
4040
5740
2100
458
193
413
14000

Page 5 of 180

Units

pa/g
Pg/g
Pg/g
Pg/g
pg/g
pa/g
po/g
po/g
pPg/g
po/g
pa/g

Detection
Limit

0.728
0.738
0.315
2.34
3.52
2.41
0.508
0.361
0.251
0.146

Validation Qualifier
Qualifier Code
U RB-I

SLe

Lo-§-0!



Sample  FS-02-VS-R
LabID L2767-2

Class: Environmentally Relevant PCBs

Parameter

8 - 2,4"-Dichlorobiphenyl

18 - 2,2',5-Trichlorobiphenyl

28 - 2,4,4'"-Trichlorobiphenyl

44 - 2,2' 3,5"-Tetrachlorobiphenyl

49 - 2,2' 4 5'-Tetrachlorobiphenyl

52 - 2,2',5,5'-Tetrachlorobiphenyl

66 - 2,3',4,4'-Tetrachlorobiphenyl

77 - 3,3',4,4"-Tetrachlorobiphenyl

87 - 2,2',3,4,5-Pentachlorobiphenyl

101 - 2,2',4,5,5'-Pentachlorobiphenyl

105 - 2,3,3',4,4"-Pentachlorobiphenyl

118 - 2,3',4,4',5-Pentachlorobiphenyl

126 - 3,3',4,4',5-Pentachlorobiphenyi

128 - 2,2',3,3',4,4'-Hexachlorobiphenyl
138 - 2,2',3,4,4' 5'-Hexachlorobiphenyl
153 - 2,2',4,4' 5,5"-Hexachlorobiphenyl
156 - 2,3,3',4,4',5-Hexachlorobiphenyl
169 - 3,3',4,4' 5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachlorobipheny!
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
183 -2,2',3,4,4',5'6-Heptachlorobiphenyl
184 - 2,2',3,4,4',6,6"-Heptachlorobiphenyl
187 - 2,2',3,4',5,5' 6-Heptachlorobipheny!
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl
206 - 2,2',3,3',4,4',5,5' 6-Nonachlorobiphenyl
209 - Decachlorobiphenyl

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

469
12.5
48
161
122
204
176
15.6
365
785
240
758
3.75
184
1450
2000
108
ND
179
643
239
4.07
451
235
130
413
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Units

pP9/g
pg/g
Pg/g
Pa/g
pg/g
pg/g
Pg/g
pg/g
pa/g
pg/g
pPg/g
Pg/g
pPg/g
pa/g
pa/g
pPg/g
pg/g
pPg/g
pg/g
P9/g
pg/g
pa/g
Pg/g
pa/g
pg/g
Pg/g

Detection
Limit
0.497
0.25
0.156
0.27
0.211
0.233
1.92
- 233
0.5
0419
3.26
2.87
3.26
1.89
1.85
1.62
0.53
1.49
0.328
0.297
04
0.29
0.278
0.35
0.251
0.146

Validation
Qualifier

- e o

[

- -« o« C

Qualifier
Code

EMPC(C)-H
EMPC(C)-H
EMPC(C),CRM-H
EMPC(C)-H

EMPC(C)-H
EMPC(C)-H

EMPC(C)-H
EMPC(C)-H
EMPC(C)-H

CRM-L
EMPC(C)-H
EMPC(C)-H

16-3 0!



Sample FS-05-VS-R
Lab ID L2767-3R

Class: Dioxin-Like PCBs

Parameter

77 - 3,3',4,4'-Tetrachlorobiphenyl

105 - 2,3,3'4,4'-Pentachlorobiphenyl
114 - 2,3 4,4',5-Pentachlorobiphenyl

118 - 2,3',4,4' 5-Pentachlorobiphenyl
123 - 2',3,4,4' 5-Pentachlorobiphenyl
126 - 3,3',4,4',5-Pentachlorobiphenyl!
156 - 2,3,3',4,4' 5-Hexachlorobiphenyl
157 - 2,3,3',4,4' 5'-Hexachlorobipheny!
167 - 2,3',4,4',5,5'-Hexachlorobiphenyi
169 - 3,3',4,4' 5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

6.62
130
7.19
345
7
2.36
57.8
16.8
244
ND
57.2
195
4.17

Page 7 of 180

Units

pg/g

'P9/g

Pg/g
pPg/g
Pg/g
pg/g
pg/g
Pg/g
Pg/g
Pg/g
pPo/g
Pa/g
P9/g

Detection
Limit

0.491
217
1.93
1.7
1.99
2.18
0.502
0.459
0.399
0.519
0.096
0.084
0.148

Validation Qualifier
Qualifier Code

U

J CRM-L

J EMPC(C)-H

e
1o-§-0¢



Sample  FS-05-VS-R
Lab ID L2767-3

Class: Homologue Groups

Parameter

Total Monochlorobiphenyl
Total Dichlorobiphenyls
Total Trichlorobiphenyls
Total Tetrachlorobiphenyls
Total Pentachlorobiphenyls
Total Hexachlorobiphenyls
Total Heptachlorobiphenyls
Total Octachlorobiphenyls
Total Nonachlorobiphenyls
209 - Decachlorobiphenyl
Total Polychlorinated Biphenyls

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

ND
13.5
74.6

392
1640
2370

732

297

98.8
10.5
5630
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Units

pg/g
pa/g
Pg/g
Pg/g
pg/g
Pg/g
pP9/g
pa/g
pa/g
pg/g
Pg/g

Detection
Limit
0.821
0.399
0.16
0.491
2.18
0.691
0.148
0.142
0.141
0.0621

Validation Qualifier
Qualifier Code
U "RB-I

10-3-0 ¢



Sample  FS-05-VS-R
LabiD  L2767-3R

Class: Environmentally Relevant PCBs

Parameter

8 - 2,4'-Dichlorobiphenyl

18 - 2,2',5-Trichlorobipheny!

28 - 2,4,4'-Trichlorobiphenyl

44 - 2,2',3,5'-Tetrachlorobipheny!

49 - 2,2' 4,5'-Tetrachlorobiphenyl

52 - 2,2',5,5'-Tetrachlorobipheny!

66 - 2,3',4,4'-Tetrachlorobiphenyl

77 - 3,3',4,4'-Tetrachlorobipheny!

87 - 2,2',3,4,5-Pentachlorobiphenyl

101 - 2,2',4,5,5'-Pentachiorobiphenyl

105 - 2,3,3',4,4'-Pentachlorobiphenyl

118 - 2,3',4,4' 5-Pentachlorobiphenyl

126 - 3,3'4,4',5-Pentachlorobiphenyl

128 - 2,2',3,3'.4,4'-Hexachlorobiphenyl
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl
153 - 2,2'4,4',5,5'-Hexachlorobiphenyl
156 - 2,3,3',4,4',5-Hexachlorobiphenyl
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachlorobipheny!
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
183 -2,2',3,4,4',5',6-Heptachlorobiphenyl
184 - 2,2',3,4,4',6,6'-Heptachlorobipheny! ‘
187 - 2,2',3,4',5,5' 6-Heptachlorobiphenyl
195 - 2,2",3,3',4,4',5,6-Octachlorobiphenyl
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl
209 - Decachlorobiphenyl

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration Units Detgctjon Valid.ation Qualifier
Limit Qualifier Code

3.54 pg/g 0.248

7.69 pa/g 0.123 J EMPC(C)-H
19 pg/g 0.102 J EMPC(C)-H

49.7 pg/g 0.103 J EMPC(C),CRM-H

347 pg/lg 0.0829 J EMPC(C)-H

741 pg/g 0.0916

471 pg/g 0.404

6.62 pg/g 0.491

149 pg/g 0.439 J EMPC(C)-H

296 pg/g 0.369 J EMPC(C)-H

130 pa/g 217

345 pg/g 1.7

2.36 pg/g 2.18

87.6 pg/g 0.551 J EMPC(C)-H

620 pa/g 0.528 J EMPC(C)-H

773 pg/g 0.456 J EMPC(C)-H

57.8 pg/g 0.502

ND pa/g 0.519 U

57.2 pa/g 0.096 J CRM-L

195 pg/g 0.084 J EMPC(C)-H

77.7 pg/g 0.103 J EMPC(C)-H

251 pa/g 0.0738

181 pa/g 0.073

6.96 pa/g 0.142

62.6 pg/g 0.141

10.5 pg/g 0.0621

¢
7L/a/Q'f?l
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Sample  FS-07-VS-R
Lab ID L2767-4

Class: Dioxin-Like PCBs

Parameter

77 - 3,3',4,4'-Tetrachlorobiphenyl

105 - 2,3,3',4,4'-Pentachlorobiphenyl
114 - 2,3,4,4' 5-Pentachlorobipheny!

118 - 2,3',4,4',5-Pentachlorobiphenyl

123 - 2',3,4,4' 5-Pentachlorobiphenyl

126 - 3,3',4,4',5-Pentachlorobiphenyl
156 - 2,3,3',4,4' 5-Hexachlorobiphenyl
157 - 2,3,3',4,4',5'-Hexachlorobiphenyl
167 - 2,3',4,4',5,5'-Hexachlorobipheny!
169 - 3,3',4,4',5,5'-Hexachlorobipheny!
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

5.36
116
ND
322
6.16
242
71.2
19.8
316
ND
77.8
237
4.72
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Units

Pg/g
po/g
pg/g
Po/g
Pg/g
Pg/g
pg/g
pg/g
pa/g
Pg/g
Pg/g
pa/g
Pg/g

Detection
Limit
0.986
2.29
5.7
2.18
2.33
2.38
0.347
0.318
0.753
0.814
0.199
0.18
0.243

Validation Qualifier
Qualifier Code

U ID(IR)-I

U

J CRM-L

J EMPC(C)-H

JLe

16-@-0/



Sample  FS-07-VS-R
Lab ID L2767-4

Class: Homologue Groups

Parameter

Total Monochlorobiphenyl
Total Dichlorobiphenyls
Total Trichlorobiphenyls
Total Tetrachlorobiphenyls
Total Pentachlorobiphenyls
Total Hexachlorobiphenyls
Total Heptachlorobiphenyls
Total Octachlorobiphenyls
Total Nonachlorobiphenyls
209 - Decachlorobiphenyl
Total Polychlorinated Biphenyls

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

ND
9.58
50.4

258
1320
2290

684

263

96.1
9.59
4980
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Units

pg/g
pP9/g
pa/g
pg/g
pa/g
pa/g
pg/g
pa/g
pg/g
pPa/g
pg/g

Detection
Limit

0.283
0.75
0.294
0.986
2.51
1.37
0.267
0.26
0.21
0.16

Validation Qualifier
Qualifier Code
U

SLa

10-4-0/



Sample  FS-07-VS-R
Lab ID L2767-4

Class: Environmentally Relevant PCBs

Parameter

8 - 2,4"-Dichlorobiphenyl

18 - 2,2',5-Trichlorobiphenyl

28 - 2,4,4"-Trichlorobipheny!

44 - 2,2',3,5"-Tetrachlorobiphenyl

49 - 2,2',4,5'-Tetrachlorobipheny!

52 - 2,2',5,5'-Tetrachlorobiphenyl

66 - 2,3',4,4'-Tetrachlorobiphenyl

77 - 3,3',4,4'-Tetrachlorobiphenyl

87 - 2,2',3,4,5-Pentachlorobiphenyl

101 - 2,2',4,5,5'-Pentachlorobiphenyl
105.- 2,3,3',4,4'-Pentachlorobiphenyl

118 - 2,3',4,4' 5-Pentachlorobiphenyl

126 - 3,3',4,4',5-Pentachlorobiphenyl

128 - 2,2',3,3',4,4'-Hexachlorobiphenyl
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl
156 - 2,3,3',4,4',5-Hexachlorobiphenyl
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl
180 - 2,2',3,4,4',5,5"-Heptachlorobiphenyl
183 - 2,2',3,4,4',5',6-Heptachlorobipheny!
184 - 2,2',3,4,4' 6,6'-Heptachlorobiphenyl
187 - 2,2',3,4',5,5' 6-Heptachlorobiphenyl
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl
209 - Decachlorobiphenyl

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

2.97
47
156
375
227
50.1
289
5.36
116
222
116
322
2.42
98.1
623
849
71.2
ND
77.8
237
89.8
ND
108
9.05
69.4
9.59

Page 12 of 180

Units

Po/g
P9/g
pg/g
Pg/g
Pg/g
Pg/g
pg/g
Pa/g
po/g
pPg/g
pa/g
Pg/g
pg/g
pPa/g
pg/g
Pg/g
pg/g
pg/g
Pg/g
pPg/g
pg/g
pa/g
Pg/g
pg/g
pg/g
pa/g

Detection
Limit
0.497
0.234
0.178
0.206
0.161
0.177
0.797
0.986
0.397
0.333
2.29
218
2.38
1.07
1.05
0.923
0.347
0.814
0.199
0.18
0.242
2.37
0.169
0.158
0.193
0.16

Validation
Qualifier

L S

(38

C ¢« &« « C

Qualifier
Code

EMPC(C)-H
EMPC(C)-H
EMPC(C),CRM-H
EMPC(C)-H

EMPC(C)-H
EMPC(C)-H

EMPC(C)-H
EMPC(C)-H
EMPC(C)-H

CRM-L
EMPC(C)-H
EMPC(C)-H

ID(IR)-I



Sample  FS-09-VS-R
Lab ID L2767-5

Class: Dioxin-Like PCBs

Parameter

77 - 3,3',4,4'-Tetrachlorobiphenyl

105 - 2,3,3',4,4'-Pentachlorobiphenyl

114 - 2,3,4,4',5-Pentachlorobiphenyl

118 - 2,3',4,4',5-Pentachlorobiphenyl
123 - 2',3,4,4' 5-Pentachlorobipheny!
126 - 3,3',4,4',5-Pentachlorobiphenyl
156 - 2,3,3',4,4' 5-Hexachlorobiphenyl
157 - 2,3,3',4,4',5'-Hexachlorobiphenyl
167 - 2,3',4,4',5,5'-Hexachlorobiphenyl
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

4.21
94.5
4.93

257
4.68
1.79
411
11.2
18.3

ND
433

134
2.99
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Units

Pg/g
pg/g
pP9/g
pg/g
Pg/g
Pg/g
pPa/g
pg/g
Po/g
P9/g
pg/g
Pg/g
Pg/g

Detection
Limit
0.552
1.14
1.09
1.05
1.14
1.17
0.568
0.521
0.722
0.825
0.0329
0.0293
0.0643

Validation Qualifier
Qualifier Code

U

J CRM-L

J EMPC(C)-H

lo-g-0]



Sample Results

Sample  FS-09-VS-R Fish: Vermilion Snapper
Lab ID L2767-5 Location: Reference
Class: Homologue Groups
P eter Concentration Units Detection Validation Qualifier
aram ' Limt  Qualifier Code
Total Monochlorobiphenyl ND pg/g 0.392 V)
Total Dichlorobiphenyls 10.2 pg/g 0.686
Total Trichlorobiphenyls 51.6 pa/g 0.248
Total Tetrachlorobiphenyls 231 pg/g 0.552
Total Pentachlorobiphenyls 1090 pa/g 117
Total Hexachlorobiphenyls : 1500 pg/g 1.18
Total Heptachlorobiphenyls 472 pa/g 0.0643
Total Octachlorobiphenyls 194 pa/g 0.0492
Total Nonachlorobiphenyls 68.6 pa/g 0.178
209 - Decachlorobiphenyl ’ 7.05 pa/g 0.024
Total Polychlorinated Biphenyls 3620 pa/g

C
Vis-9-07
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Sample  FS-09-VS-R
Lab ID L2767-5

Class: Environmentally Relevant PCBs

Parameter

8 - 2,4'-Dichlorobiphenyl

18 - 2,2',5-Trichlorobiphenyl

28 - 2,4 4'-Trichlorobiphenyl

44 - 2,2',3,5-Tetrachlorobiphenyl

49 - 2,2' 4, 5"-Tetrachlorobiphenyl

52 - 2,2',5,5'-Tetrachlorobiphenyl

66 - 2,3',4,4'-Tetrachlorobiphenyl|

77 - 3,3',4,4'-Tetrachlorobiphenyi

87 - 2,2',3,4,5-Pentachlorobiphenyl

101 - 2,2',4,5,5'-Pentachlorobiphenyl

105 - 2,3,3',4,4'-Pentachlorobiphenyl!
118 - 2,3',4,4',5-Pentachlorobiphenyl
126 - 3,3',4,4',5-Pentachlorobiphenyl
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl
153 - 2,2',4,4' 5,5'-Hexachlorobiphenyl
156 - 2,3,3',4,4',5-Hexachlorobiphenyl
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
183 - 2,2',3,4,4' 5' 6-Heptachlorobiphenyl
184 - 2,2',3,4,4',6,6"-Heptachlorobipheny!
187 - 2,2',3,4',5,5' 6-Heptachlorobiphenyl
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobipheny!
209 - Decachlorobiphenyl

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

3.23
5.54
12.7
27.9
19
446
26
4.21
92.8
187
94.5
257
1.79
62
417
512
41.1
ND
433
134
495
1.89
118
55
45.1
7.05
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Units

Detection
Limit
0.461
0.166
0.151
0.0303
0.0247
0.0272
0.415
0.552
0.13
0.112
1.14
1.05
117
0.926
0.896
0.792
0.568
0.825
0.0329
0.0293
0.0367
0.0267
0.0264
0.0492
0.178
0.024

Validation Qualifier
Qualifier Code
J EMPC(C)-H
J EMPC(C)-H
J EMPC(C),CRM-H
J EMPC(C)-H
J EMPC(C)-H
EMPC(C)-H
J EMPC(C)-H
EMPC(C)-H
J EMPC(C)-H
U
J CRM-L
J EMPC(C)-H
J EMPC(C)-H



Sample Results

Sample  FS-10-VS-R Fish: Vermilion Snapper

Lab ID L2767-6 Location: Reference

Class: Dioxin-Like PCBs

Parameter Concentration Units Delt_?:\ti'ton gzla"l’i?ite":" ano'"ier

77 - 3,3',4,4'-Tetrachlorobiphenyl 6.6 pg/g 1.54

105 - 2,3,3',4,4'-Pentachlorobipheny! 170 pg/g 1.51

114 - 2,3,4,4' 5-Pentachlorobipheny! 9.45 pg/g 1.49

118 - 2,3',4,4' 5-Pentachlorobiphenyl 466 pa/g 1.42

123 - 2',3,4,4' 5-Pentachiorobipheny! 8.08 pglg 1.62

126 - 3,3'4,4' 5-Pentachlorobiphenyl 3.52 pg/g 1.46

156 - 2,3,3',4,4',5-Hexachlorobiphenyl 79.6 pg/g 0.402

157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20.2 pg/g 0.369

167 - 2,3'.4,4'5,5'-Hexachlorobipheny! 345 pa/g 0.57

169 - 3,3',4,4',5,5'-Hexachlorobiphenyl ND pg/g 06 U ID(NC)-I
170 - 2,2',3,3',4,4',5-Heptachlorobipheny| 84.8 pa/g 0.119 J CRM-L
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 252 pg/g 0.107 - J EMPC(C)-H
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 5.82 pg/g 0.268

fyfd.

o-8-0!
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Sample Results

Sample  FS-10-VS-R Fish: Vermilion Snapper
Lab ID L2767-6 Location: Reference ’
Class: Homologue Groups
Parameter Concentration Units Detection  Validation Qualifier
Limit Qualifier Code
Total Monochlorobiphenyl ND pa/g 0.195 U RB-I
Total Dichlorobiphenyls 15.4 pa/g 0.494
Total Trichlorobiphenyls 743 pg/g 0.152
Total Tetrachlorobiphenyls 389 pg/g 1.59
Total Pentachlorébiphenyls 1970 pg/g 1.71
Total Hexachlorobiphenyls 3320 pa/g 0.997
Total Heptachlorobiphenyls 929 pa/g 0.268
Total Octachlorobiphenyls 347 pg/g 0.179
Total Nonachlorobiphenyls 133 pg/g 0.117
209 - Decachlorobiphenyl! 16.6 pg/g 0.0559
Total Polychlorinated Biphenyls 7190 pa/g

1o-8-0/
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Sample  FS-10-VS-R
Lab ID L2767-6

Class: Environmentally Relevant PCBs

Parameter

8 - 2,4'-Dichlorobiphenyl

18 - 2,2',5-Trichlorobiphenyl

28 - 2,4,4'-Trichlorobiphenyl

44 - 2,2'3,5"-Tetrachlorobiphenyl

49 - 2,2' 4 5'-Tetrachlorobiphenyl

52 - 2,2' 5,5'-Tetrachlorobiphenyl

66 - 2,3',4,4'-Tetrachlorobiphenyl

77 - 3,3',4,4'-Tetrachlorobipheny!

87 - 2,2',3,4,5-Pentachlorobiphenyl

101 - 2,2',4,5,5'-Pentachiorobiphenyl
105 - 2,3,3',4,4'-Pentachlorobiphenyl
118 - 2,3',4,4',5-Pentachlorobiphenyl
126 - 3,3',4,4',5-Pentachlorobiphenyl
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl
156 - 2,3,3',4,4',5-Hexachlorobipheny!
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl
206 - 2,2',3,3',4,4',5,5' 6-Nonachlorobiphenyl
209 - Decachlorobiphenyl

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

4.38
7.06
20.7
457
32.8
69.2
51.8
6.6
169
330
170
466
3.52
139
978
1130
79.6
ND
84.8
252
100
3.46
233
9.91
86.9
16.6
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Units

pa/g
pa/g
pafg
pa/g
pa/g
Pg/g
pa/g
Pa/g
pg/g
pa/g
pg/g
pa/g
pa/g

-pg/g

po/g
pg/g
pa/g

pg/g

Pg/g
pa/g
pg/g
po/g
po/g
pa/g
pa/g
pa/g

Detection
Limit
0.337
0.112
0.1
0.087
0.068
0.0749
1.3
1.54
0.297
0.249
1.51
1.42
1.46
0.782
0.766
0672
0.402
0.6
0.119
0.107
0.145
0.105
0.101
0.179
0.115
0.0559

Validation Qualifier
Qualifier Code
J EMPC(C)-H
J EMPC(C)-H
J EMPC(C),CRM-H
J EMPC(C)-H
J EMPC(C)-H
J EMPC(C)-H
J EMPC(C)-H
EMPC(C)-H
J EMPC(C)-H
U ID(NC)-1
J CRM-L
J EMPC(C)-H
J EMPC(C)-H

Lo-%-01



Sample Results

Sample  FS-11-VS-R Fish: Vermilion Snapper

LabID L2767-7 Location: Reference

Class: Dioxin-Like PCBs

Parameter Concentration Units Detection  Validation Qualifier
Limit Qualifier Code
77 - 3,3',4,4'-Tetrachlorobiphenyl 6.81 pa/g 0.899
105 - 2,3,3',4,4'-Pentachlorobiphenyl 187 pa/g 2.18
114 - 2,3,4,4' 5-Pentachlorobiphenyl 9.73 pa/g 2.24
118 - 2,3',4,4' 5-Pentachlorobipheny! 561 pg/g 2.18
123 - 2',3,4,4' 5-Pentachlorobipheny! 8.3 pa/g 248
126 - 3,3',4,4',5-Pentachlorobiphenyl 27 pg/g 217
156 - 2,3,3',4,4',5-Hexachlorobiphenyl 112 pa/g 0.555
157 - 2,3,3',4,4' 5'-Hexachlorobiphenyl 27.6 pg/g 0.509
167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 52 pa/g 0.621
169 - 3,3',4,4',5,5"-Hexachlorobiphenyl ND pg/g 0.628 U
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 143 pg/g 0.0721 J CRM-L
180 - 2,2',3,4,4',5,5"-Heptachlorobiphenyl 416 pg/g 0.0653 J EMPC(C)-H
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 7.68 pg/g 0.233
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Sample FS-11-VS-R
Lab ID L2767-7

Class: Homologue Groups

Parameter

Total Monochlorobiphenyl
Total Dichlorobiphenyls
Total Trichlorobiphenyls
Total Tetrachlorobiphenyls
Total Pentachlorobiphenyls
Total Hexachlorobiphenyls
Total Heptachlorobiphenyls
Total Octachlorobiphenyls
Total Nonachlorobiphenyls
209 - Decachlorobiphenyl
Total Polychlorinated Biphenyls

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

ND
8.43
53.7

348
2150
4120
1160

463

188

28.1
8520
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Units

pa/g
Pg/g
Pg/g
Pg/g
pa/g
pa/g
pa/g
pg/g
pa/g
pa/g
pa/g

Detection
Limit
0.849
0.462
0.116
0.919
2.57
1.08
0.233
0.222
0.0964
0.0702

Validation
Qualifier

U

Qualifier
Code

RB-I



Sample  FS-11-VS-R
Lab ID L2767-7

Class: Environmentally Relevant PCBs

Parameter

8 - 2,4'-Dichlorobiphenyl

18 - 2,2' 5-Trichlorobiphenyl

28 - 2,4,4"-Trichlorobiphenyl

44 - 2,2' 3 5'-Tetrachlorobiphenyl

49 - 2,2' 4,5'-Tetrachlorobiphenyl

52 - 2,2'5,5-Tetrachlorobiphenyl

66 - 2,3'4,4'-Tetrachlorobiphenyl

77 - 3,3',4,4'-Tetrachlorobiphenyl

87 - 2,2',3,4,5-Pentachlorobiphenyl
101- 2,2',4,5,5'-Pentachiorobiphenyl

105 - 2,3,3',4,4'-Pentachlorobiphenyl

118 - 2,3',4,4' 5-Pentachlorobiphenyl

126 - 3,3',4,4', 5-Pentachlorobiphenyl

128 - 2,2',3,3',4,4'-Hexachlorobiphenyl

138 - 2,2',3,4,4',5'-Hexachlorobipheny!

153 - 2,2',4,4',5,5'-Hexachlorobiphenyl

156 - 2,3,3',4,4' 5-Hexachlorobiphenyl

169 - 3,3',4,4',5,5'-Hexachlorobiphenyl

170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl

'1 80 - 2,2',3,4,4;,5,5'-Heptachlorobiphenyl

183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl

184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl

187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl

195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl

206 - 2,2',3,3',4,4',5,5' 6-Nonachlorobiphenyl

209 - Decachlorobiphenyi

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

224
3.73
16.9
454
33.2
64.4
45.6
6.81
161
356
187
561
27
182
1150
1640
112
ND
143
416
162
4.94
181
18.3
135
28.1
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Units

Pg/g
pPg/g
Pg/g
Pg/g
pg/g
pPg/g
pg/g
pa/g
pa/g
pPg/g
pP9/g
pa/g
pg/g
Pg/g
P9/g
pg/g
po/g
Pg/g
Pg/g
Pg/g
P9/g
pg/g
Pg/g
pa/g
pPg/g
Pa/g

Detection
Limit
0.323
0.0782
0.0773
0.0792
0.062
0.0682
0.752
0.899
0.24
0.202
2.18
218
217
0.849
0.831
0.729
0.555
0.628
0.0721
0.0653
0.0878
0.0638
0.0611
0.222
0.0924
0.0702

Validation Qualifier
Qualifier Code
J EMPC(C)-H
J EMPC(C)-H
J EMPC(C),CRM-H
J EMPC(C)-H
J EMPC(C)-H
J EMPC(C)-H
J EMPC(C)-H
J EMPC(C)-H
J EMPC(C)-H
U
J CRM-L
J EMPC(C)-H
J EMPC(C)-H

LA

Lo-9-01



Sample Results

Sample  FS-13-VS-R Fish: Vermilion Snapper
Lab ID L2767-8 Location: Reference
Class: Dioxin-Like PCBs
Parameter Concentration Units Detection  Validation Qualifier
Limit Qualifier Code
77 - 3,3',4,4'-Tetrachlorobiphenyl 6.65 pg/g 1.44
105 - 2,3,3',4,4'-Pentachlorobiphenyl 115 pg/g 1.56
114 - 2,3,4,4' 5-Pentachlorobiphenyl 5.65 pa/g 1.51
118 - 2,3',4,4',5-Pentachlorobiphenyl 305 pa/g 1.48
123 - 2',3,4,4',5-Pentachlorobiphenyl 6.16 pg/g 1.61
126 - 3,3',4,4',5-Pentachlorobiphenyl 2.66 pg/g 1.6
156 - 2,3,3',4,4',5-Hexachlorobiphenyl! 50.7 pg/g 0.418
157 - 2,3,3',4,4',5'-Hexachlorobipheny! 15.2 pg/g 0.383
167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 215 pg/g 0.41
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl ND pg/g 0.454 U
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 493 pg/g 0.102 J CRM-L
180 - 2,2',3,4,4' 5,5'-Heptachlorobiphenyl 145 pg/g 0.0927 J EMPC(C)-H
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl 3.67 pg/g 0.217

Lo-3-0!
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Sample  FS-13-VS-R
LabID L2767-8

Class: Homologue Groups

Parameter

Total Monochlorobiphenyl
Total Dichlorobiphenyls
Total Trichlorobiphenyis
Total Tetrachlorobiphenyls
Total Pentachlorobiphenyls
Total Hexachlorobiphenyls
Total Heptachlorobiphenyls
Total Octachlorobiphenyls
Total Nonachlorobiphenyls
209 - Decachlorobiphenyl
Total Polychlorinated Biphenyls

Sample Results

Fish: Vermilion Snapper

Location: Reference

Concentration

ND
171
87.2

357
1430
2000

614

221

100
9.63

4840

Paqge 23 of 180

Units

Pg/g
pg/g
pa/g
Pg/g
pg/g
Pg/g
pa/g
pg/g
pal/g
pg/g
pa/g

Detection
Limit
0.794
0.698
0.165
1.46
1.75
0.759
0217
0.104
0.132
0.0569

Validation Qualifier
Qualifier Code
U RB-I

Lo-3-0"



Sample  FS-13-VS-R
Lab ID L2767-8

Class: Environmentally Relevant PCBs

Parameter

8 - 2,4'-Dichlorobiphenyl

18 - 2,2',5-Trichlorobiphenyl

28 - 2,4,4'-Trichlorobiphenyl

44 - 2,2' 3,5'-Tetrachlorobiphenyl

49 - 2,2 4,5"-Tetrachlorobiphenyl

52 - 2,2',5,5'-Tetrachlorobiphenyl

66 - 2,3',4,4'-Tetrachlorobipheny!

77 - 3,3',4,4"-Tetrachlorobiphenyl

87 - 2,2',3,4,5-Pentachlorabiphenyl

101 - 2,2',4,5,5'-Pentachlorobipheny!
105 - 2,3,3',4,4'-Pentachlorobiphenyl
118 - 2,3',4,4',5-Pentachlorobiphenyl

126 - 3,3',4,4',5-Pentachlorobiphenyl
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl
138 - 2,2',3,4,4',5'-Hexach<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>